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The reader is requested to correct the following errata: 

Page 21. — Line 10 from bottom, strike out rest of paragraph 
after ** This is/' and substitute: **This is found only in some 
forms of the microscope." Note. — The Jackson Model, shown 
in Plate II, has a collar, and in most of the microscopes made 
in France and Germany, the body moves through a collar. 

Page 36. — ^Line 7 from bottom, for "Student" read **Pro- 
fesfiional." 

Page 41. — ^Line4from top, before the words '*The Instru- 
ment " insert *' Other forms of." 

Page 62.— Line 16 from bottom, for **eflfect" read "aflfect." 

Page 88. — ^Line 12 from top, after the word ''power," insert 
"the want of." 
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Tbe hot thit an TinneaBllj large edEtioQ of tkit work baa been sold in k 
comparatiTely short poriud, is, to tbe author, evldfiice that Euch a work 
waa aeedcd, and ttiat the present volume baa, to a ccrlaiD extent, gnpplied 
tbe want. In the preaeut edition, Iberotore, he hag endeaTored to 
Introduoo tcveral iuiportaut improTemenlB, vbile at the same time tbe 
elBmentary character ot the work remaiiia unsltered. With a tew Tcry 
■light and nnimpurtDtit ciceptioDB, tbe entire matter of tbe former edition 
baa been incorporated in the preeent, and in addition several important 
■ubjeatB, partlcularlj tbe cbapteron objectives, bare been greallj enlarged. 

Uaii; important poiiita etill reniaki nntoncbed, bnt it is believed that in 
ita present form most beginners will flodlnlt all tbe information that tbey 
ma; require upon general tepica. 

Ai tbe want of alt illuatralioni of tbe atanda of diSerent makers, anil 
of many si^ccsaories, baa been urged as an objection to the Qral edition, 
uid as we iiave not deemed it adviaalile t<i fully snpply ibis omiasioo in 
tbe preaint ianne, a word of eiplnnation may not be out of plaee. One 
groat object iu view in the preparation of tbia book was the turuiatiDg of a 
R^op manual for those who canuot afford the more eipoualfe books of 
Owpenler, Beale, Frey, etc. To have givtn anything like a fair repre- 
in of the products of the dlflerout makers of this country and of 
, would have noarly doubled tbe size and price of the volume. Bnt 

,lhe reader will examine tbe illustratious of tbia class in ibe books joat 
aed, be will Gnd that, even iti the best of them, tbe engravings are 
'prodnctiODH of tbe fieures found In Ibe deacriptiva lists otf 
Tkrlous dealers. Aa dl-w tdiliona of these llsta are being aaiu 
ilaued, uid h they may in most cases be obtained without cost teta 



that issue them, we have thought it best to refer our readers to these 
catalogues for iDformation in regard to the coDstruction of the instrumenta 
of different makers, and to facilitate their doing so, we have given at the 
end of the book a list of the prominent makers with their addresses. 

In this, as in the previous edition, we have omitted all descriptions of 
objects, believing that the proper aim of a book on the microscope should 
not be to teach the general principles of botany, zoology or histology, but 
simply the best methods of using the microscope in the pursuit of these 
studies. The proper books in which to find a description of objects, are 
those which treat of that department of science which takes cognizance 
of the special subject under consideration. Th^present volume is 
intended merely as a guide to the best general mftiods of using the 
microscope. 

It has been a source of great satisfaction to the author to be assured by 
those whom he deems good authority, that this little book has done much 
to foster the use of the microscope in this country, and he hopes that the 
present improved edition will tend to still further increase the deep 
interest which is already felt in tm instrument which has done moro than 
any other to extend our knowledge of organic nature. 

Jfew York, August^ 1877. 



J , 



PREFACE. 



Tito MicKKCope and its appUcalloiia ia the Arts, toi io general Bcience, 
hiving deaeiTcdl; occupied a proiulnelit plnae iu tbe pHgeu uf The Tech- 
KOlxxusT, OB Ikdcstrial MONTHLY, u, verf large nomber of euqniiies in 
ragud to the best methodg of ueiDg and applying tUia uneful inatrament 
liavu beeudiructed to ua. It would liave beeu easy to aniiiv^r tlisie en- 
qnirieib; areCerence to name oue of tLo oibd; treatises tliat liave been 
publislied on U^habjeut, but as most of these works ai'e expensive, sod 
as man}' of ou^^rrcepondeota desire ao ausner in & more eonciee and 
simple Bbape, wo have eiidesTarcd to give, in cbeiip and cumpacl; fans, the 

Iiaformatiou that ia most osnall; demanded. 
It ii an nDfortnniW fact tint wIuIb the niicroscope is dsily erowing in 
favor with ttaoae who Imow acjthing of its ai^bievemeDts, Ihe operations 
of eertam parties, too well known to tbe public, have biotight a certain 
degree o! suspicion upon all attempts to popularize this most valoabla 
lostrumeat. Microsoopee, varying iu price from tweolj-Qve ciiuta tu two 
doUBTS and a hair have beeu offered for sale, and the claim made Tor them 
that they are capablo of showing clearly the structure of tbe more min- 
nte tissues, and that thej may be used to advantage by physicians and 
Daturalisla. To tbe yonngstndent whose means are limited, and to tba 
coDutry practitioner, whose ability to supply himself with needed books 
mdhistrumetits oftc>n falls far short of his desires, tbe oSor of a servics- 
able microBcope for a couple of dollars ia a great temptation, and when 
thelnstmniaQt inquestioa is euiloraed by a long hat of clergymen, law- 
jere, and oven edilora, this temptation becomea irreBiatihlo. Aud if tbe 
pUN^haser should happen to be nnfamiliar witli reaJly good microacopos, 
and nnahie to dlscrimioatB between a clear aud a^^enrately defined vldw 
of any object and one that is distorted ai'd incorrect, be may be led tc 
it, iDtl 80 fall into the moat serious miBtakes. That this, unfortuDatel7, | 
sshappentoooftenmuat be well known lo nil who are famihnr with tt 
id it is witbin our own knowledge that the moat worlbleH |. 



cature of a microscope has been purchased and nsed under snch circum- 
stances. 

We indulge a faint hope that the information conveyed in the following 
pages will enable the inexperienced reader to avoid these mistakes, and to 
assign a proper value to the certificates of clergymen and editors who 
vouch for the excellence of articles concerning whose properties and uses 
they are profoundly ignorant. These two classes we single out for repro- 
bation, because^in this respect, at least — they seem to be sinners above 
all other men. 

As stated in the title page, it is intended for beginners, and not for 
beginners in the use of the microscope only, but for those who have had 
Uttle or no experience in the use of instruments of any kind. Hence the 
directions that arc given are of the very simplest kind, and all theoretical 
explanations have been avoided, for the reason that any person that is 
desirous of studying the optical principles upon which^^e microscope is 
constructed will find in the ordinary text books on nal^kl philosophy all 
the information he may want. Our object has been solely to impart such 
information as will enable the reader to make a beginning in the practice 
of microscopy, hoping that the start thus given will lead him to proceed 
with his studies, and ultimately acquire that knowledge, skill and dexter- 
ity which will enable him to avail himself of the extraordinary powers and 
advantages which the use of this instrument confers, both in scientifio 
pursuits and in everyday life. Above all things, therefore, we have en- 
deavored to be accurate in our statements and judicious in our directions, 
and the reader is assured that no processes or methods are given which 
we ourselves have not frequently and successfully put in practice. 



JOHN PHIN. 
Wew York, January, 1876. 
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' INTRODUCTION. 

Thousands of microscopea tbronghoat ths coantrf are at the pres- 
ent day lying idle, simplj because their owners do not know bow to 
Hue tliem. If properly employed they might ba made to aObid an 
iucalouUbloamoant ofiBHtructionftiid amusemenlibat, as it is, thay 
are B drag apon the popnlarizntion of Science, becnase thay convey 
the Idea that the microscope is a diCGcult iiistrumeiit to use, and 
that i I ia not of mnch account after we hnve learned to nse it. The 
owneta of these microscopes have csaoiiued all the mounted objects 
Rt their oommiud, the entire number of which probubly does not 
a or three dozeo, and they hare no information aa to the 
'bast methoda of prepuring common objects for eiamination or pre- 
MTvation. Even the objects thiLt they poBBsaa have never been ex- 
plained to them, ond are merely pretty toys. The flj'a eye is inter- 
esting because it looks like a piece of netting, niid the butterfly's 
wing ia attractive becuQse it ia probably a little more brilliant tbau 
the luost brilliBiif^K dnrss, but ueitbrr of these objects intereats of 
itBelfanabeooHB^ff ilBbeitntitiilBlriictare. 

Moreover it often happeua that an instrument which, when first 
1, was of very fiiir qunhty, haa, through ignorance and 
IIMfelessDi'sa, become bo soiLd and dimmed that it no longer serves 
pnvpoae intended. On mure than oue occasion have we Been a 
I mici'ot^cope leave the dealer'tt bauds in excellent order, and re- 
turn in a week entirely unfit for use. Microsaopeii iu this condition, 
instead of beiug a source of instmotioa end pleaanre, are an eyesore 
and an occasiou of annoyance, Thi^y continually serve as reminders 
of awkwardness and Eiilure. of wasted time aud ill-Bpent money, 
Andydt witliproperinatructioQ and a due ainonut of care all this 
might bare been avoided. 

It is also a fact to he regretted that heretofore the microscope has 

jiot been eitensively employed iu the BrtB, and in everyday life, 

iply becauae practical men have not been tanght how to use it, 

eoQseqaently have born unable to avail themselves of the adrnn- 

« wUioh it offera; but if carefully and judiciouKly selected, and 

iperly bandied, it is capable of affording an amount and kind of 

which cannot be aiifely neglected. It may be made to aid 

mination of raw materials, and of the finer kinds of work; 

Will enable UB to meaf^iire spaces which would otherwias be iuup- 

'eauble. aud this, in an age when even in ordinary machine shops 

the thonaandlh part of an inch ia frequently an important quantity, 

rendara it indispensable to the careful and skillful mBcbania; on U 



X INTBODrCTION. 

farm it will enable the agricalliirist to examine closely and minutely 
the Yarious noxious insects auil forms of faiigi and blight, and thns 
aid him in identifying them and applying the proper remedy; and 
in the examination of minute seeds, such as timothy, clover, etc., it 
will prove a very valuable assistant, enabling him to detect any in- 
feriority in the quality, or any impurity or adulteration. Frequently 
the agricultural seeds offered in market contain minute seeds of of- 
fensive weeds, many of which are so small that they are not easily dis- 
covered by the naked eye. 

Every farmer and mechanic knows the value of a good pair of 
eyes, and he also knows that an agent which doubles or trebles our 
power in any given direction at once confers upon us in that respect 
a superiority over our fellows. Very few men are twice as strong as 
their comrades; still fewer have three times the strength of ordinary 
men, and it may be safely afhrmod that no man possesKcs the power 
of ten ordinary men. But a microscope of very ordinary capacity at 
once multiplies our powers of sight by ten, twent^or even a hun- 
dred times, while those of the better class enable^k to see things 
with a keenness and clearness which, when compared with that af- 
forded by the naked eye, is as more than a thousiiud to one. 

There are four distinct and important directions in which a mi- 
croscope may be made to servo us: 1. It is ciipiiblo of aftbrding the 
most refined and elevating kind of pleasure by the oxhibition of ob- 
jects of extreme beauty and interest. There arc few more splendid 
sights than the gorgeous colors displayed by some objects when 
viewed by polarized light, and even the tints of certain minerals, 
and the brilliant scales of certain insects, when viewed as opaque 
objects, by means of a good condenser, surpass anything that is 
familiar to us in our ordinary experience. On the other hand the 
exquisite beauty of form which is characteristic of most of the ob- 
jects with which the microscopist concerns himself can be fully ap- 
preciated only by those who have seen them. As a source of inno- 
cent amusement and pleasure, therefore, the microscope has few or 
no equals; for it may be safely affirmed that a five-dollar instrument 
is capable of affording gratification of greater variety and intensity, 
and of longer continuance, than that yielded by anything else of 
fhe same cost This arises chiefly from the fact that most other in- 
ifanunents, when once exhibited, with their slides or fixtures, lose 
"hair freshness and interest, and become old. While for the micro- 
V a few fibres of wool from the carpet, a few grains of sand from 
^^bove, or a handfhl of wild flowers from the field, yield ob- 
vaipasnng beauty, Eyexything in nature and in art may bo 



Bnbjeoted to inspectiou bj it, and will tlien disrioRe new beantir'a 
imdfreRh ecmrcBS of knowledge. Under it the point of the flu est 
camUrio needle looks like n crow-bnr. grooved aud Beamed wilh 
itcheH; the eye of tliB fly is Been to couEist of tiioiiEacds of eyes; 
id Uie dust on tbe bntterlly's wing appears to be wbut it really is, 
with all Ihe regularity of Bliingies or Blatea on a house; 
lile to prepare and aiamine these hiniple objects reqnires no great 
elaborate apparatus. 
'S. As It means of imparting instruction to the yonng. tho microa- 
lins now become indispen sable. The changes whii^h of late 
have talten place in the views held by onr ablest men in regard 
lis the beat education are too well known to need even mention. 
No edacatiou that docs cot iucluda a knowledge of natural science 
ia now regarded as complete, and there is a verj' wide range of the 
most essential and practical knowledge that can be reached only 
through the microscope. Thus, when we look at a, leaf with the 
naked eye, we seo^t a green muss of mutter, possessing tt certain 
beaatifnl focm, iPls true, bnt diBclosing none of those organs which 
render it more complicated and wondelful than anything ever pro- 
by onr most Kkilfnl mechanics. Looked at by the mioro- 
however, this same leaf is found to be made np of inunmer- 
portij, each one of which is highly complex and beantiful; it is 
lisbed with mouths for breathing, with cells for storing, digest- 
ing and assimilating nutriment, and with ribB for streugtheniug its 
strnctnre; and all this, which Is perfectly invisible to tbe nnabslsted 
vision, bouomes diatinct end obvious when we cull to onr aid a 
iQiQtoBcope of even modernle power. It is true thtit much of this 
may be taught by means of books, engravings and verbal deecrip- 
lions, but every one knows that for distinctness end impressiveness 
the very best engravings fall far short of ii view of the real object. 

an instrument of research, the microscope now occupies ft 
which ia aecond to none. There is hardly any department 
30 in which a student can hope to reach eminence without a 
Ij with the microscope. Botany aud Zoology have been 
olmoBt wholly by its aid, and so neccssuiy is it in the 
of these scienoes, that Schleiden, one of the most snccessfnl 
instigators says of it: "He who expects to become a botanist 
cadogist without using the microscopic, is. to say the least Of 
t ft fool as he who wishes to study the heavens withont ft 
In eliemistry its servfci'S have been very important, and 
id minernlogyit hiiaopeneil up new fields of resenrc' 
W raTQloiioniw Ukew Boieoon. 
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long acknowledged the microscope as one of its most efficient as- 
sistants, and in the practice of the best physicians it is regarded as 
an indispensable means of diagnosis in Eome diseases. 

4. As an assistant in the arts. Its importance in this department 
is but just beginning to be recognized, and in a former paragraph 
we have endeavored to point oat a few of the subjects to which it 
may be applied with good hopes of success. 

These important and obvious advantages are not difficult to secure, 
provided we avoid two mistakes which are very commonly made by 
beginners. One of those consists in supposing that it is only by 
means of very expensive and complicated instruments that anything 
of value can be accomplished in microscopy. Now while it is cer- 
tain that, in some departments of study, none but the very best 
microscopes are of ar)y value at all, it is equally certain that a Tery 
wide range of study and of practical work can be thoroughly culti- 
vated by means of apparatus of very moderate cost, and of great 
simplicity of construction. The great discoveries of Ehrenberg, 
which opened up entire new fields of research and X>i thought, were 
made with a microscope which at the present day would not com- 
mand $25. Indeed some of the French instruments that are sold 
for $15 will show a very large proportion of the objects that are 
figured in his earlier works. Most of the great anatomical and 
botanical discoveries were made with simple microscopes of no great 
power, and it is not many years since one of the most successful 
workers in the field of botany gave it as his opinion that a power of 
300 diameters is capable of showing everything that is of impor- 
tance in this science. 

The other error is of precisely the opposite kind. It is not at all 
unusual to meet persons who seem to think that all that is necessary 
in order to become a microscopist is to buy a microscope and place 
objects under it! Such people always entertain an exaggerated idea 
of the power of the microscope as an instrument of research. For 
example, they think that in order to detect adulteration all that is 
necessary is to place a sample under the microscope, when all im- 
parities will at once stand out conspicuously! To their imagination 
every blood corpuscle is clearly marked with the name of the animal 
from which it was obtained! 

Truth lies between these extremes. No progress can be made 

4tout steady application and persistent labor, but any person of 
«^e ability and a moderate degree of perseverance can soon 
^ow the beaten track at least, if not to branch out into 
*ch« 
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THE MICBOSCOFE. 



m What is a Microscope i -The minroscupe ia an iustni- 
i^tent wbicli enables us to Bee either very minnte objects or 
verj mimite parts of large objeela. It is a very popular idea 
that the name micrvscripe is ap[)!icable only to fiomplei inatrii- 
ments of conBidemble power; but tiiia is clearly wroug. A ten 
cent magnifying glass has as good a ria;lit to the name micro- 
saipeanhaa a complicuttHl biaocnlur isstiiiment with all the 
latest improvements. By common consent, however, the small 
band instrameuta, without stands, are generally called miigni- 
Jiers. An attempt has been made to introduce the foreign word 
loajye as an equivalent of magnifier. The word Ajii/if is, how- 
ever, Boperfluous, and is nsed only by ostentatioua pedants, and 
b; foreigners who are ignorant of English. 

What tlie Microscope Does.— It is well known that 
further off any object is, the less it appears. A house at a 
distance appears less than a man who is close by, and the dis- 
tinctneas with which an object ia seen depends largely upon its 
apparent size. Thus, at a distance, a house not only appears 
very small, but the windowa cannot be distinguished from the 
rest of tbe bailding. Aa we drawnearerit becomea apparently 
larger, and the different parta become more dietiuct. First the 
windows are seen clearly, then the iudividmd panea of glass, 
the bricks, and finally the grains of the material of which 
bricks are made. When, however, we approach too close'" 
find it impossible to see distinctly, as may eaail 
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proved by a very simple experiment. Place some fine print, 
such, for exami>lo, as the present pajre, at a distance of six feet 
from the eye, and gratlually move closer to it. At six feet the 
letters will be indistinguishable; at two feet they will be quite 
distinct; at one foot still more distinct; at three inches they 
will be quite blurred. There is, therefore, a limit to the degree 
of closeness with which we c^an approach any object for the 
purpose of examining it, and the object of a microscope is to 
enable us to get close to it, as it were, without blurring our 
view. If, witiiout changing the distance of the eye from the 
paper (three iuchcs) we introduce between the two a lens of one 
inch focus, and bring it into proper position, we will find that 
the indistinctness formerly complaintd t)f disapi>ears, and the 
object is now not only seen clearly, but appears very much 
magnified. That objects appear large in proportion to their 
nearness to the eye may be thus shown: Tjike two slips of 
paper printed with type of the same size (two clippings from a 
newspaper answer well) and place one at a distiince of ten 
inches from the eye and the other at a distiince of five inches — 
the edge of the upper slip being placed so as to lie abotit the 
middle of the lower one. In this way we can readily compare 
the apparent sizes of the type on the two slips, and one will be 
found to appear just twice as large as the other, though, of 
course, we have the evidence of our senses to prove that they 
are precisely of the same size. Moreover, as the usual distance 
for distinct vision is about ten inches, in persons of middle 
age, it will be found that a lens which enables us to view any 
object clearly and distinctly from a distance of one inch, will 
enable us to see it just ten times larger and ten times more dis- 
tinctly than we could do when looking at it from a distance of 
ten inches. A consideration of these facts led the late Dr. 
Goring to propose the name engiscope as a substitute for the 
word microscope — the word engiscope signifying to see things 
^t a very short distance. 
The facts which we have just detailed must, however, be re- 
ded as illustrations, rather than explanations of the action of 
microscope. It is evident that the power of a lens to in- 
ie the distinctness with which any object is seen, depends 
7n]y upon the action of the lens upon the rays of light, but 
/ the indaenoe which snob mo^fiAd\i^\it exerts upon the 
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organs of viaion. Now, the eye, oonsidered merely aa an optical 
instrmaeQt, is ia reality a small C'liiei'ii ohscuriiia which tbe 
cornea, orystalliue lens, aud other transparent portions, combine 
to tUrow upon tlie retina an iiunge of external objects. That 
the tmusparent portions of the eye do in faut act as a lens, and 
throw a real image npon the reiina or posterior portion of the 
eye, is easily shown by taking the fresh eye of an ox and grad- 
nally ahaving off the coaling at the back nntil it becomos 
transpareut. If the eye, so prepared, be theu held towards 
a, window or any very bright object, a distinct but inverted 
image of the window or otlier object will be see on tlie coat 
of the eye. 

Tlie action of the eye in this case is tbe same as that of a 
lens, and the general mode of aotioD of lenses under such cir- 
eumstanees nuiy be easily illnatrated by means of a common 
band magnilier or even a spectAcle glaas. If the reader will 
bold before a window, at a distance of, say, sis feet, a sheet of 
white paper, aod will plaoo a magnifier in front of the paper, 
tbeii by properly adjustiug the distauce betweea the maguiQer 
and tht^ paper, a picture of the window will be thrown on the 
latter. If tbe magnifier and paper be now removed to a dis- 
tance of twelve feet from the window, the picture of the latter 
will be only liuH as Urge as it was in the firtit place, and it will 
also be found tbat tlie distance of the Ifus from the paper will 
liave to be readjusted and made less. 

That the eye possesses this power of adjuEtment we are all 
oonsciouH, for we feel that if, when tiie eye is adjusted for tlie 
distiikot vbion of distant objects, we suddenly look ot those 
which are near, the condition of the eye requires to be changed 
before a distinct view can bo had, aud to make this change 
requires an efibrt of which we are perfectly conscious. 

Wheu a lens is held iu front of a sheet of paper, so as to 
the latter a distinct image of the objects in front of 
tbe distance between tho paper and the leua is called the 
" eflsi'mce or focol leiifilA of the latter. Tbis, as we Lave 
'^nst seen, varies with the distance of tbe object which gives the 
image. Iu order, therefoie, to secure a standard in this 
respect the object selected is always one whose di&tanoe is w 
ipeat that it may be practicaUy regarded aa in&iu.te>. ^^H 
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When we examine an object, first at a distance, and then 
close at hand, we see it through the medium of two different 
sets of rays, those in the latter case enteriog the eye in such a 
direction that the image thrown on the retina is larger than the 
image produced when the object is more distant. The lens acts, 
however, by bending the rays bo that the same set, which, if 
allowed to pursue their natural direction would not produce a 
distinct image, are caused to enter the eye in such a direction that 
the image is large and clear. The manner in which the lens acts 
to produce these effects is not difficult to understand. It is true 
that the ultimate causes which produce these phenomena are 
beyond our knowledge, but in this respect the ablest philos- 
opher has very little advantage over the veriest tyro. It may 
be dif&cult also for the general reader to follow the mathe- 
matical demonstrations of the action of lenses. There are, 
however, a few simple facts which are easily understood, or at 
least demonstrated and accepted as facts ^ aud which, when 
clearly and firmly grasped by the mind, render the coustruction 
of the microscope comparativf^ly easy of comprehension. 

There are two ways in which the subject may be studied. 
We may examine the facts experimentally, by using lenses 
and actual eyes in the way we have described, or we may fol- 
low the course of the rays as laid down in auy good book on 
optics. A combination of both methods will of course give 
the clearest views on the subject, and we would therefore ad- 
vise the reader to provide himself with a few lenses of various 
degrees of curvature, and consequently of various magnifying 
powers, and test all the statements made in the text. He will 
thus acquire such a practical knowledge of the action of lenses 
as can be obtained in no other way. For this purpose the 
cheapest lenses are good enough. One or two cheap magni- 
fiers and a few glasses from old spectacles will serve every pur- 
pose. The simplest methods of arranging such lenses will be 
found iu a note on a subsequent page, and although very ac- 
curately made tools are required for the construction of ser- 
viceable optical instruments, it will be found that a very 
large number of simple but valuable experiments may be 
worked out with the aid of a few wooden rollers and a little 
paper and paste. 
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While tbe magnifjdng power of leases depends npon thcii 
focolleDgth, thisia turu depuiids upoD the material of wliicli 
tbe leus is made, and also upon the curvature given to ita sur- 
faoes. Lenses of precisely the same form, and made reapect- 
ively of diamond, flint glass, crown glass and Canada baJanm 
would possess different magnifying powers; the diamond mag- 
nifying most, tbe flint glass nest, orowu glass uest, and Canada 
balsam least of alt. On tbe other hand, of two lenses eompoaed 
of the same material, that which lioa the sharpest curvature to 
ita surfaces will magnify most. Now, on reflection, it will be 
evident to even the least mathematical mind tbat lenses which 
hove very sharp or quick curves must of necessity be small. 
Suppose the curve which bounds the figure of a lens lias a 
radius of half su inch, it is evident that tbe largest lens wbicU 
could be mode with this curve would be one iuch in diameter, 
and then it would be a perfect sphere. Most lenses, however, 
lesemble thin slices off the spheres, or in some cases two such 
slices joined together, so that the diameter of the lens is in 
general greatly less than the radius o( the curves whicb form 
its Hurfoce. Therefore, we see that all lensea of high power are 
of necessity small, and when lensea are required of very high 
power they become so minute as to be handled only with great 
difSculty. Indeed, before tbe modem improvements in the 
microscope, many of the leuses osed by scientific men were 
nothing more than little globules of gloss, brought to a round 
form by fusion. 

We have made this lengthened explanation of a very simple 
matter because we have found amongst beginners iu micro- 
scopy a very general idea that large lenses are the most power- 
ful. "Send me oue of youi laigeet and moat powerful mag- 
aiflers," is on order with which every optician is familiar, and 
yet such an order oontaius a contradiction iu terms. A lens 
cannot possibly be large and magnify greatly at the same time. 

The Different Kinds of Microscopes,— Microscopes 

are divided into two classes — simple and compound — the dif- 

fereuue between tbem being purely optical, nod not mechanioal, 

for a simple microscope may be very complex and expcusi' 

^wbile, on the other hand, a microscope mas' be oQrn.^^QU'nd. 
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yot otmtain voxy few parta Thus the litUe vertioal FzeDoh 
iuioroaiH>iH'8, which cost only $2,50, are oompotMnd^ kiihoiigh 
vory ftimplo in const motion, while a tdmple mioroBCope, if bin- 
ocuLir. and priiviiled with all desirable adjostments, might be 
a vory oi>uipHcatiHl afikir. The difference between oiinple and 
oinu|HMiud microscopes is this: in the simple mioroBcope we 
liH^k at the objtvt directly, while in the compound microBoope 
wo look at a magiiitied image of the object. In the. simple 
mioro8co|H\ objocts are always seen in their natural positiQn, 
while in the iHmi|H)uud microscope they are inverted, and right 
iHHHimoM loft, and loft becomes right This makes it very diffi- 
cult for bo)j:iiniors to work upon objects under the compound 
mion>M*o|H'; and hence simple microscopes are almost always 
used for dissootiiig and botanizing. 

It is (rue that by adding more lenses, and making the instra- 
moiit Htill nu)ro (Hnn|Hmnd, we can again invert the image, and 
tliuN bring it baok to it^i original and natural position, and 
idmoMt all the vory oxiH^nsivo microscopes are furnished with 
thoHo extra lonHOs nrningod in a piece of accessory apparatus 
tiH^hnioally known iih nn rrt\ior. The distinguishing feature of 
the ooniponnd niiorosoope remains, however, the same. Certain 
fortnH of tlio niioroHcoiHs in which conceive lenses are substi- 
tntod for the \\v<\\\\\ convex form, also give erect images, but 
tluH d(H'M not alloct the general truth of the statement just 
mnd(\ 

Simple niiero8c»opes frequently consist of more than one 
lens. Thus, in using the ordinaiy pocket magnifiers with two 
or throe l(»ns(\s, it is usual to employ all the lenses at once, look- 
iufj: at tht^ ()l>j(»ct through two or three lenses at the same time 
when a hi^h power is required. In this case, however, the two 
or three h^nses ar<} placed close together and act in the same 
way lus a single lens, with surfaces more sharply curved than 
those of any of the lenses forming the combination. Under 
8uc.li circumstances the image is not inverted, but if we now 
Hi^parato the lenses sufiiciently, we will find that on again bring- 
ing the object into focus, the imago is inverted and greatly 
enlarged. Moreover, it will be found that the niagnifying 
power may be greatly increased by increasing the distance be- 
tween the two lenses, and it will also be found that as the dis- 
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le of the two lensea from each, otber ia increased, the die- 
tance at wliicli the cambinatiou is placed from the object must 
be inaile leas and vice versii.* 

The early forms of the compound microscope consisted of 
little more than the two lenses we have juat described, but the 
modern instrument, even in its simplest form, is a vastly more 
oomplicated arcangement. In the best forms, for tlie leua next 
the eye there ia substituted an eye-piece consisting of two lensea 
vrith adiaphragmbetween them, while the objective, or lens next 
the object, ia composed of from four to ten different pieces of 
glass, forming two or more lenses, which are so arranged that 
each shall correct iJie defects of t!ie others, and this optioul 
combination is mounted on a stand which is sometimes a mar- 
vel of mechanical ingenuity. 

*Tho student who posaesBea > little mecbuiin.1 genios tnd a, deaire to 
become experimenlaSn aiiitu&iutud with the prupecties of lenBia and tbe 
ooQstrnction of tlio loicrOBuopc, wonld da well to prucoro a. conplu of cheap 
Isnaes, flijoDoofholf iuehfOoiia, andoDeofabaattvo iuchca fucQB, andtcel 
by BGtaal trial the Htatamenls rosda iu the teit SueU lenses may be con- 
renientl; arranged iu a tube farmed of writing paper and gummed on the 
edge*. All the mast linparlant propertied and detoolB of lenses may be thua 
illastrateil and sluilied. Bj meauH of a little extra oare, two auch leuaes, ar- 
ranged as we have desuribi^d, in tuhea blackened on thoiaaido, and ninnnted 
analtttlo wooden stand, tiiofucua being adj usled by sliding tbo tube buld- 
ing tbe lenses witbin anathec tube, also of paper, will give not only a very 
fair view of such objects as the wing of ally, the scnlesonahutterfly'a wing, 
and evt<u the barbs on tbe stiug u( a htie, but it will show the globolei of 
blood quite distinctly, and wu bava even given a very iutercsting exbibl- 
lioD of the ejronlatiun of the blood iu tbe foot of a frog by meana of a 
temporary arrangement nf this kind, whicb we pat together for Cba pur- 
pose of eiplaining to a little girl the construction of tbe micro scope. We 
would not recommend auy ono to use sQcb a microscope fur purposes of 
work or study, becaAtae tbe fiDaciee Id whicb it may give liaeare too 
nnmerons «in! too aerioas. flut any boy, or eveo girl, who will nndertaka 
thaconalntctian of aucb an inatrumeut, cannot fail to obtsiu thereby an 
krlBDant of iofurmatlon which tbe pamsal of volume's would not give. As 
■JMalowardsaidingourynnng friends, we may remark tbat our tabes 
^B^madDof tbe beat fltiff papvr, rolled np tight aud pseleil only along 
H^ oater edge. Tbe lenses were secured iu tbelr places by being attaohsd 
■■b) tHe Wtoma of pill-boies, holes being punched through to admit the 
liR'ht. Pill-bDxes withholoa weroalBoaaedfordiapbragmB to redoop ""• 
rffKCta of aberratioD. A piece of mirror reflected the light, ajid the 
etc., at au old ^ar boi fomished material toi tbe stand. Wdtj ^^ 
^orennl ail eipenscB. ^J^| 



F^Mential Parts of 4he 3Iicr<MCope«— When a good 
leD« i« be«d steadily at a certain distance from an object which 
is properly iilaminated, this distance depending npon the form 
and material of the lens, we are enabled to see the object clearly 
and distinctly. When, however, this distance is either in- 
creased or diminished, the object becomes blurred and indis- 
tinct. The point at which vision is most distinct is called the 
f(/cuH^ of tlie lens, and when we are able to see it clearly the 
objffct is said to be in focus; when the distance is either in- 
creased or diminished, it is said to be out of focus. An object 
is said to be vlllnn the focus when the lens is too near it, and 
bei/o7id the f(;cus when the lens is too far away. 

The performance of any lens depends greatly upon the ac- 
curacy with which it is adjusted to the correct focal distance, 
and the sU^adincss with which it is held there. For all ordi- 
nary pur^JOHcs, lenhes which do not magnify more than ten 
diameters may be very conveniently held in the hand without 
any special means of support; but when the power is much 
greater than this, (;r where, aH in the compound instrument, 
the mieroHCope is bulky and heavy, it becomes necessary to use 
some niechanical contrivance which will hold the microscope 
steadily in its position in relation to the object, otherwise the 
view becomes indistinct. Thus a good lens, maguif^ing from 
thirty to forty diameters, will very readily bhuw the individual 
corpUHch's or globules in the blood of the frog, providtd it is 
ai ranged on a steady hu import and accurately adjusted for focus. 
If merely held in the hand the corpuscles will i)robably be iu- 
viHil)l(». Hence the importance of providing efficient means for 
adjusting the focus and holding and illuminatiDg the object, 
and the object ot the t»tand is to furnish these means in a com- 
pact and convenient form. Every microscope, therefore, 

♦It Ih HiMiivt'ly nooosw'iry to inform tlio reader Ihat tlio focus described in 

tho text iri not pri'ciH« ly thu ftH'UH of tho Kns iisi'll", hut tho foi-ns of a 

compound li'UH of whii'h tUo eyt» f(»r:i!H one I'lt'tu-ut. llcut' iht- fuoal dia- 

noD varioti with ditV» rout eyrs, ruiI 8 > do, s tho app:ir nt size of ohji-cts. 

art mghtod ptMiph" ohjtH'18 ap;»onr of larj^or bize tiiau th y do lo 

of tk«i.iti.ai>v oyo-oi^^iit. lu working with theeomponudmicroso 'pe, 

* St dtfiereai l>eopIo require a ditfcrt;nt fucai adjust- 
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whether simple or eomponnd must possess: 1, Certain means 
for Biipportiug the object and placing niid maintaiuing it in, 
proper posilioii ; '2. Means for illuminuting the oljject, whether 
it be opaque or transparent; 3. Means for transmitting to the 
eye an enlarged imnge of the object, 

k NAMES OP THE DIFFERENT PAET3. 

The different parts which ate employed for securing these 
veral ends, haye been con striiu ted of ftu almost endless variety 
of form?, acoariliiig ta the fanoiea of the different makers and 
the requirmenta of different microscopists. The following are 
the names of the essenliul parts of a compound microscope of 
ordinary construction. Tlie names of the different parts of 
the Eimple microaoope are the same as those of the componnd 
microscope, but the latter has several pacts which do not exist 
in the fonner. 

The SOmd is the term properly applied to the entire frame 
tiseJ (or supporting and illuminating the object and carrying 
the optical part, the latter consisting of the eye-piece and the 
ibjectives. Stands are frequently sold separati ly, or fnraished 
Vith eye-pieces only — the purchaser making such a selection of 
objectives &a may best suit his special needs. 

The B'ise or l-hol is that part which supports the rest of the 

The Biidi/ is the tube to which the eye-piece and objectives 
are attached. 

The Ann is tiiat part which carries the body. 

The (Mor is the tab© in which the body moves. This is 
found only in microscopes of the Continental form (Plate I) 
unJ similar models. 

The ■'^li'/e is the plate upon which the object is placed for 
CKamiDntiou. 

The E-/e-piece is the short brass tube, with its lenses, which 
is nest the eye. The cye-pii?co contains an E'je-Gk'- ' ' 'h is 
lllat nest the eye; a FMl-GUiss, placed next the o1 

Hinpkrogm, oonsistiug of a brass plate with a 1; 
;ed oa to cut off the outer la^s of- 
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tube in which these lenses are secured is in general moyable, 
and the best microscopes are furnished with several eye-pieoes 
of different powers. We may here remark that where a mioro- 
scope is furnished with several eye-pieces, the sluyriesi eye-pieoe 
gives the greatest magnifying power. 

The Ohjed- Glass or Ohjecilve is the lens or lenses which ia 
placed next the object. The term is frequently applied to the 
glass plate or slide upon which the object is placed, but this 
use of the word is entirely wrong, and tends to produce con- 
fusion. 

A l)rnw4uhe is a secondary body which receives the eye-pieoe, 
and slides within the main body like the draw of a telescope. 
It enables us to increase the distance between the eye-piece 
and the objective, and thus to change the magnifying power, as 
exi)lained in a previous paragraph. 

The objective is moved to or from the object by two methods, 
wliich are calitd respectively the crx/r.sv^ and fina adjustments. 

The Coarse Adjustment is used for bringing ti.e objective ap- 
proximately but rapidly into focus. To effect this the body 
either slides through a tubular collar or is attached by means 
of dovetail slides to the arm, and in either case it is moved up 
and down either by a rack' and pinion (or some substitute there- 
for) or directly by hand. 

The Fine Adjustment is employed for bringing the object 
exactly into focus. It usually consists of a fine screw, which 
moves either the entire body or the lower part of it. In 
Homo cheap stands, the fine adjustment is effected by moving 
the si age towards the objective. 

The Mirror reflects the light, and causes it to pass through 
the object and the body of the instrument. 

A ^Suh-st(t(je is furnished with some instruments. It is used 
for holding and centering various means of illumination. 

Clips are springs attached to the stage for the purpose of 
holding in place the glass slide or plate carrying the object. 

The Olject is that which is subjected to examination. It is 
" r mounted upon 

or plate of glass, which is laid upon the stage. 



DIFFEBENT FOEMS OP THE SIMPLE MICUOSCOPE. 

To deaoribe the different tonas in market, either of simple or 
of oonipoTind microscopeH, would require a large volnme. We 
eliall therefore content ourselveB \iith a deeaription of oertnili 
tjpioal models whiuh ufford variety eiiongh for all praotical 
purpoaee. 

Hand Magnifiers.— These are bo generally osefid and 
applicable that no person wlio attempts to work much with tlie 
microaeope can possibly do witliout one. They are found iu 
market in a great variety of forms, styles of mounting, and 
price, and are too well known to need minute desoription. 
Large lenses, magnirying two or three times, are mounted 
singly, and used chiefly for the examination of pictoies, and aa 
reading glaBses; the smaller sizes of the same style serve for 
the examination of fine engravings. Very small lenses of oon- 
eiderable power, and simply mounted in a frame, are also sold 
by most opticians. They are known as "watch-cliarms," and 
magnify about fifteen diameters. We have also seen a very 
powerful magnifier mounted in a little ring attncLcd to a pair 
of eye-glasses. 

For the purpose of the student and naturalist, a very 
excellent form is tliat which is shown ae attached to the Excel- 
sior microscope. It conaistfl of three lenses, mounted in frames, 
and enclosed in a ease so as to be perfectly protected. Each 
lens has a different focal length, and the three, when combieed, 
give a magnifying power of twenty-five to thirty diameters. 
Being very portable, and possessing a variety of powers, it is a 
favorite form of pocket inicrosoope. 

MagnifieiB eompoeed of two or more lenses, are to be had of 
two very diatinct kinds. The lenses maj either be simply united 
in one frame, withont any special adaptation to each other, or 
the instrument may consist of two or more achromatic 
lenses combined together in a fixed and accurately deter- 
mined relation. Examples of the former are found in the 
ordinary two und three lens magnifiers we have just desaribed; 
tlie latter are not so common, since they are somewhat expeU' 
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Hivo whon woll miiile. They are known as doublets and triplets,' 
uiid (ino inukor in this country, Mr. Tolles, of Boston, has 
liO(M)nio funiouH ft)r the excellence of the simple achromatio 
niicroHCDpoH of this chias, made by him. These doublets and 
iriph^tH iiro al together the most satisfactory simple miorosoopes 
in UHi\ and Hovonil firms make a specialty of their manafaoture. 
In udtlition to ^Ir. TolK^s, the Bausch & Lomb Optical Gom- 
iniixy, under tlio di net ion of Mr. Guudlach, moke a yery ex- 
oolh'ut loim ()f thiKkiiid, and iu England, Mr. Browning makes 
a vrry cxcrlliMit aohromntio mngnifier under the name of the 

Pltifi/sntjn't' I. fits. 

AVhoro two or more simple lenses are used together (without 
bi'in^ conil lined ho us to form a compound microsoope) the 
])o\vor of thn combination is always equal to the sum of the 
powers of the sepurato lenses. Thus if we have a lens of half 
an inch f(HuiH and one of one inch focus, one magnifying ten and 
tho other twenty diameters, tlio resulting power is thirty and 
and not two hundred times. Iu tho compound microscope, on 
the other hand, tho combiuatiou of an objective magnifying 
twenty diameters with an eyepieee magnifying ten diameten, 
gives a magnifying power of two hundri'd diameters. 

Two or more lenses, properly adapted to each other and used 
together, give results greatly superior to anything that can be ob- 
tained from a single lens, at least so far as clearness and accuracy 
of definition is concerned. But when used as a working or dis- 
soctiijg mierosc(»i^e, they are open to the objection that the dis- 
tance at which they must be placed from the object is very small, 
and lienco it is frequently inconvenient to use them for work- 
ing upon objects. Thus if we have a })lauo-convex lens of a 
quarter of an inch focus, and one of three quarters of an inch 
focus, and place them at a distauce of a sixteenth of an inch from 
each other, we will bavo a very goo<l magnifier which will 
enhirge objects about thirty-five to forty times, but we must 
place it at but a very short distance from the object. If we 
separate the lenses a little, the d(;finitiou will be improved, but 
the working distance, as it is called, will be diminished. Those 
who have studied optics are quite familiar with these facts, but 
ordinary reader does not always think of them, and yet thej 
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M« very important wbeu we come to oliooae a miorosoope for 
woiktDg or diHseoting piirpoBes. 

Walch-Makers' Eye- Glasses. —These ate well known, 
and may be obtained of almost any power within the n^fal 
range of a single leus. The eye-glass ordinarily uaed by watch- 
makers magnifies about eight times, but glasses magnifying 
twenty diameters are not uncommon. Glasses of the latter 
power ate usnally do'Mcl.% that is, tbey oouHiat of two lenses, 
arranged together, one being of much longer focua than the 
other. If well-made they give escellent definition and a large 
field, and, when mounted on a stand, are very eervioeable as 
(lisseciing microMcopes*, especially in working upon (warae 
objects, sad picking out shells, the hirger foraminifera, etc. 
Their form enables ua to support tbem by means of a small 
wire ring, arranged aa in a retort stand, and the large bell- 
mouth of the frame prevents any light from entering the eye, 
except that which has passed through the lens. Tliey are very 
cheap, and any intelligent boy can make a tolerEtble stand for 
one. The same stand will answer for several gloaaeB of differ- 
ent powers. 

t Engravers' Glasses.— These are mounted in frames, in 
the same manner as the watch-muker's eye-glass, but aa they 
are larger, and are therefore not so readily held iu the eye, 
after the fashion of the latter, they are always used with a stand 
of some kind. Tiiose of the best quality are, in general, 
doublets, which give a large field of view, with very good 
definition, and they are altogetlier the best miorosoopes for 
exBrnining baaic bills, fine engravings and similar objects, 

*The term ilfnec(lii9 microscDj'eia apjilifd to k11 microEiMpps ased for 
working upon objects under luuJi-rnlo maenitjing pnHers. TLey ire QB°d 
Qot onl; fordlagectinei proporly su oalleil, but fur llio study □( butauf, 
■nlDerslogy, eta., » well &B for unmeroiu inTSBiigatiDiiB in the sriB. A 
good mlcroBcope of tuia kind is abaulntel; indiBpenntible to tboBS who 
hope to do more tlian oiereiy look al objtcta prepared hy otherB, In Bub- 
geqaent paragr&gibg wo deBcribe Borae of tbe beet inHtrnmcatr 
kind, AoompIiitBcliBaectiiigiijitroBoope aliunld be furnlBUod wl 
mirror, etc., and if the student can affoiil it, tbcrc aUoulil be 0< 
SWOliuiiokl meftiiB of adjngtlag the focus. 
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'2(i BlLECTIOZr AND USE 

Tho Coddlnffton I^ens.— Whenever a power greater 

thfin twenty diatUi'tcrH is required for cnnnining objects, a God« 
(liiigiDii, if woll made, will be fouud to be the best lens in nae, 
alwuyH, of cM)iirHo, excepting the carefally corrected doablett 
and IripletH prcvioiiBly mentioned. The price of the latter, 
liowciver, iH in fi^enoral four to eight times that of a good Ood- 
dington. U hus this defect, however, that the working foeos 
iH very hhort, and therefore for a dissecting microscope a 
doublet is to be i>referred. In U8ing a Coddiugtou lens, great 
cure niUHt bo taken to secure good illumination of the object, 
and the fthortness of tho focus makes this difficult to thoae 
who have had no experience. 

Tlie Stuuliope l^cns is similar in form to the Codding- 

ton, but is very difTerent in construction. It consists of a 
cylinder or rod of glass, one end of which is rounded so as to 
form a lens, wiiile the other end is either flat or slightly onrred. 
The diHtunoo between the lens and the flat sarface is exactly 
ecjuul to the focal diHtanco of the lens. Transparent objects, 
such aH the 8cal(>H of inst^cts, animalculoc in water, etc., are sim- 
])ly i)lae(>d on the flat surface of tho glass cylinder, and when 
]ook(!d at through it, they appear greatly magnified. It is 
eanily UKed, but can not well be employed as a working mioro- 
Hoope. It i.s this kind of lens that is used in the construction 
of those wateh cliunns in which a large incture is seen on look- 
ing through a very small hole. The picture is a photograph 
attached to the flat end of a small glass rod, the other end of 
the rod being formed into a lens of exactly the right focal 
length required to show the picture clearly and considerably 
iniigiiitied. Lenses and photographs of this kind are usually 
mounted as miniature opera-glasses. 

Stands for Simple Microscopes.- For ordinary par- 
poses of exiinii nation, tho magnifiers wo have just described 
serve very well when merely held in the hand, but their per- 
formance is greatly improved when they are mounted on appro- 
priate stands, which not only enable us to adjust the focus with 
great accuracy, but which hold the lens steadily in relation to 
'^e object, and thus prevent any necessity for that constant ad- 
BBtot the eye itself I which always occurs wben a lenstrem*^ 
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ties. Of the simple microEoopeB in nse there arebut two that re- 
quire attcDtion — BaspRil's and the Exoeleior. For a description 
of the elaborate dissectiog microsoox>e3 o( the Xiondoo micro- 
Bcopo nuikers, as well as those of Na«het, and others, we must 
refer to the lurge works of Carpenter, Beale, Frey, etc, 

Raspail'B Microscope.— In this instrument the mogni- 
fjing glasses are supported by an arm which projects horizon- 
tally from an upright column that serewa into the top of a bos, 
in which the entire instrument is packed when it is not in use. 
This oolamn also supports a stage wliich may be moved up and ■ 

down by rant work, and a mirror tor reflecting the light up- J 

■wards through the object, This was the instrument bo largely I 

naed by Raspail in bis investigations into the strueture of plants, | 

and described by him in his works, and hence it has been called 
by his name. It resembles very closely the instniment called 
the Society of Arts Simple Miarosoope, which Ih muuuFactured 
by Mr. Field of Birmingham. 

The Excelsior Microscope.— The accompanying en- 
graving gives a very clear view of this microscope, which is 
constmoted as follows: 

To one end of the lid of a small wooden case or bos, is at- 
tached one of the ends of the boi; and when the lid is reversed 
and turned upside down, it may be shd into the groove which 
nsuolly receives it, and then forms a stand for the lenses and 
glass stage, as is shown in engraving. The lenses and stage ai'e 
Buppurted by a steel rod, D, the lower end of which is hinged 
to the lid, BO that it may be tnmed down und lie in a groove _ 

provided for it. When raised into the position shown in the J 

figure, it is held very securely in place by means of the button, I 

£; and this button also serves to retain it in the groove when ^ 

it is tnmed down. The glass stage, G, which is lilted into a 
frame of hard rubber, slides easily on the stem, D, so as to bu 
readily adjustable for focns, while at the some time it may be 
firmly fixed, by means of a set-screw, at any desired height, 
and will then serve aa a stage for dissecting purposes. Tl ■ 

frame which holds the lenses lils on to the top of the stem. H 

mirror, H, hi fitted into the case, and is readily adjustable ^^^^| 
^^oeans of the button aho^-n on the outside, ou Uut-V Xv<^'>*2|||^^^H 
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ho reflected up through the titage wlioa the objects to be es- ' 
amined are trnnapareut; and when, they are to be viewed bj re- 
flected light there in a dark ground of hard tabber (aol showii 1 
in the engraving) wbicli is hIso carried bj the atem, -D, xai\ 
may bo turned under the stage, so as to cut off oil traiumitte£, 
ligbt. DiBBocting needles (K and L), with neat liandlea, fit 
^^ into appropriate grooves. When the lenses and stage are re- 
^^L moved from the stem they are readily packed in the case; the 




then turned down and held in its groove by thebatton, 

lid is drawn out of the groove, turned over, and r^ 

dao tlutt the vertical piece (0) closes t)ie open end of thq 

ftwJlolethiugiapackedintoacom|>asswhicLre»dilJ 

' 'n the vest podket. 

le, and \ieiiig proVwVA -wmi a propei 

H9i deamtiQaiaaecoxtA. T-wotti^Nal 



of frame are sold, one containing two, and the other three 
lenses, the latt«r being altogether the cheapest, in proportion 
to the power famished. The magnifying powers are about as 
follows; With the lens of longest focus, fi.ve diameters; with 
the lens of medium focus, eight diameters; with the lens of 
shortest focus, ten diametei's. When the lenses of shortest and 
medium fooi are combined the magnifying power is about 
eighteen diameters; all three lenses together give a power of 
twenty-five to thirty diameters. 

In using a combination of two or more lenaea, the lens of 
shorteat focus should always be placed nearest to the object. 

As a dissectiog microscope for botanical, entomological, and 
physiological work, this instrument is very efficient and con- 
venient. The glass plate is fitted into the stage bo as to form 
a cell capable of holding water, so that dissections may be 
carried on under that liqnid, or aquatic animals may be kept 
alive and examined at leisure. The stage may also be turned, 
BO that the flat side will be up when eo desired, in which posi- 
tion it is most conveDient for some purposes, such as dissec- 
tions and the teasing out of tissues by means of needles. The 
only serious defect in the Excelsior microscope is that it is not 
I anfficiently steady for ordinary work, the ease which forma the 
nue or foot being, tor portability's sake, made quite small. 
Rthis difficulty is, however, easily remedied by screwing the 
■ 'Mae to a piece of pine board six inches long, four inches wide, 
and three-quarters of an inch thick. A single small screw, 
which does not deface the instrument, is sufficient, and when 
the microacoxw is to be carried in the pocket it is easily de- 
tached from its temporary stand. Its low price, 1^2.76, is a 
strong recommendation. 

A very serviceable stand for a simple microscope is easily ex- 
temporized as follows: Procure a good sound wine cork and 
bore two holes through it, the holes being at right angles to 
each other, and to the axis of the cork. The holes should be 
of the right size to slide easily, but firmly, on a wire ■ ' ' 'be 
sixteenth of an inch in diameter. One piece of aoi 
stuck perpendicularly in a wooden foot, and et 
npon which the cork shdea up and iov-ti', cuoOcvei ■^ 
haa a ring At one end for io\3JBg \Jb6 "ta^^jMS 
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other end is thrust through the seoond hole iu the cork And is 
supported by it. 

Whenever a piece of upporatus is to bo supported atdodil;* 
while at the same time it is necessarj that it should be easily 
moved aoA adjusted, nothing Berves ho well as a flne Cork 
sliding on a smooth wire. 

Ttvenly-five ceut Microscopes.— Before leaving this 
subject it mny be neil to sa; a few words about those verj cheap 
microsoopes which have been so extensively advertised. We 
ftequenJJy see ia the papers an advertisement in which Bome 
person offen to send for twenty-Avu cents a microscope whiDh 
will show animalcules in water, globules of blood etc. , etc., and 
the question naturally arises, Are these microscopes good foe 
anything, or is the advertisement a swindle — the advt 
taking the money and sending notliing in returu? 

As a general tide, those who send to auch advertisers, recetTeiJ 
in return, a plate of brass or lead, witli a gloss bead 
in a hole in the centre. The glass bead is formed by fusion 
is frequently ground flat and polished on the side by whioh it 
was attached to the thread or rod of glass from which it 
made, forming in such cases a homisphericul lens. Soeli 
lenses are very oaaily made by auy one. Tate a strip of flint 
glass, such as a piece of Hint glass tubing, or a piece of glsaa 
rod, draw it out to a thread in the flame of a spirit lamp, 
fnse the end and allow it to gather into a drop. Gii'e plenty of 
time and a good strong heat, so that the surface of the little 
globe may become well-fused and tndy round. The best t»- 
suits are always obtained by holding the thread perpondicnlarly, 
OS when held horizontally the globule is apt to become dis- 
torted. Make one or two dozen of these, and in separating, 
them from the glass rod leave about an oightli of an inch of 
the latter attached to each globule, to serve as a handle, in the 
nent step of the process, which consists In inserting them bO' 
J their depth in a plate of cement, consisting o(< 
Itenod with very dry and finely powdered pumioe- 
^fonnsach a wax plate, melt some shellac in a ladle' 
, mil it carefully with as much pow( 
Q be L'oavenieiitiv stirred in, remo 
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the fire, elir yrell oiiUl it begins to stiffen, anil then poor it ont 
on a flat metal piiite — tbe stirfHCe of a smoothing: iron unswev- 
ing Tery well. The pUte of cement alioiilil be from one-half to 
three-quarters of an is cb thick, aiiil the httleglobiikeareeasilj 
fastened ioto it by seiziug tliem bj the small handles left oji 
them, holding them by a pjiir of forceps in a, lamp flame nutil 
they ore hot enough to melt the cement, and then pressing 
them in to about half their depth or a little more. When quile 
cold they will be very aeeurely held. The little handles, or tails, 
Bie now nipped off with a pair of cnttiu,'; pliers, and the glo- 
bules ground nil at once on a 5ae grindstone, or still better on 
a metal plate charged with emery. When they haie been re- 
duced nearly to the surface of the plate of cement, they should 
be ground with emery of the flnest kind, and as soon as all 
ooorse scratches have been, removed they should be polished on 
a buff leather with crocus martis or putty powder. When finely 
polished they may be removed from the cement by means of a 
small chisel, and any cement that adheres may be disHoIved oST 
by means of alcohol. They are then mountcil in thin plates Of 
lead, broiss, or, what is betteretili, vulcanite. Out of two dozen 
such globules, carefully made and well polished, three or four 
by be obtained that will give satisfactory definition, and it 
with such lenses that the early microscopists made many of 
'looverieH. Theao men, however, took great pains in 
and polishing them, and rejected hundreds OB unlit for 
use. The objections to the microscopes of ttiis kind, that arc 
ordinarily sold, are that they are badly made, and that good 
and bad are sold together without any selection being exercised. 
But, even if well made, they are very difficult to use, and very 
uosatiafactory in their results, even in the hands of persons of 
great skill. The polish of a fused surface never equals that of 
a surface fluely cut and polished, aa every housekeeper that is 
familiar with common, and with cut glass, very well knows. 
The fused surface of these little globes ia, therefore, olwiivs 
more or leas, covered with strife or very miuute ridr 
interfere with tlieir defining powers, and we have 
thus minutely the process of their manufacture, rath' 
purpose of giving onr readers such information as w 
lem to understand how they can be sold so clieaglj 
hope that tbey will endeavoi lo iauOs.^ V\i«^a.^ 
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Peuny 3Iif:ros€opes.— A few years ago a man in Lonclon 
made a living by selling through the streets a microscope which 
would show the eels in paste and Tinegar, and of which the 
price was only one penny, (e<|n:il to two cents.) These micro- 
soopos wore thus made : In the bottom of a pill-box he punched 
a small hole and then blackened the inside of the box. In this 
hole was placeil a dn>p of Canada balsam or damar vandBh, 
which was allowed to dry. When hard, the balsam formed a 
Tery tolerable lens. 

A drop of water, balsam, or varnish, laid on the nnder side 
of a slip of clear gla^s will often enable ns to extemporize a 
microscope capable of doin;; ^otxl service in the hands of a 
skillful observer. The outline of the drop shonld be perfectly 
round, and the glass plate shoidd be held as level as possible. We 
have derived great assistance from such a lens, when better 
could not be had. 

The Craiir Microscope.— This microscope at one time 
attained an unprecedented degree of popularity, not on aooonnt 
of its merits, but because of the extensive puffing and adyer- 
tising which it received. It consists of a vertical frame, some- 
what like that of the cheap French microscopes, having a 
mirror, but no sliding tube, as there is no occasion for any. The 
slide which holds the object is slipped through a horizontal alit 
cut in the stand, and the lens with its frame is laid on it. 

The lens is a fused bead of glass set in a little frame, to the 
under side of which is attached a thin plate of glass, whose 
lower surface is exactly in the focus of the bead, so that when 
a drop of water or vinegar is placed on the glass plate, or sach 
objects as insects' scales, wings, etc. , are laid on it, they are ex- 
actly in focus. Hence, this microscope is said to require no 
adjustment for focus. This is true when the objects to be ex- 
amined are actually in contact with the glass plate, but when 
we wish to examine objects that are covered with thin glass (as 
all Taluable preparations should be) or objects having a percep- 
tible thickness, it is impossible to adjust it for focus, and hence 
Impossible to examine such objects satisfactorily. Besides 
-tenths of the microscopes of this pattern in market, 
r made, and distort objects to such an extent that 



OF TUB MICBOSCOrE. 

one yrba hss been accnstomiKl to employ a good microsaope 
cannot recognize tliein. It has unquestionablj (lone a great 
great deal to impede the progress of microBcopy in this country, 
and we have been led to give this extended description of it, 
chiefly becanse so many editors and clergymen have praised it 
in the highest terms. It has even been patented, although the 
principle upon which it is conatrncted is very old; but then y/O 
must remember that under our present administration the 
patent office seems to be conducted rather for the discourage- 
ment than the encouragement of progress and invention. We 
daily see patents issued for old and wortbiess devices, whOe it 
ia well-known that the author of a really meritorions inven- 
tion will have the hardest work to obtain protection. 

Of the Novelty, Globe, and other similar microscopes, it ia 
unnecessary to speak. In fdl the microscopes of this kind that 
we have seen, the optical part ia utterly worthless. The lenses 
ore mere fused globules of glass, and they distort beyond recog- 
nition th« image of any object. 

Strange to aaj, bowi;ver, eyea this fnot has been used as an 
argument to sell them. They have been sold chiefly by news- 
dealers and atationers, and as the purchasers did not know how 
■:Uiy given object oiujh' to appear, the fact that i( looked ao very 
"ifTerent from what they expected WBB oonsidered an evidence 
( the power of the microscope I ! 

regard to all microaoopes in which fused globules are 

it must be remembered that the lower the power of the 

the more apt it is to be imperfect. No lens of this kind, 

(nifying from 100 to 150 times, (according to the estimates 

I those who deal in them, which, however, is in fact only from 

Pten to twelve times, na meoaured by proper methods), can be 

I good for anything. On the other hand, it mnat be borne in 

. jnind that when we attempt io examine objects under high 

powers, obtained by the use of very small single leiiaaa. we 

subject oar eyes to an almost destructive strain. 
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DIFFERENT FORMS OP THE COMPOUND MICRO- 
SCOPE. 

The variety of stjles or pattenis vbicb have been devised for 
tbeatondBand tor the general arrangemeDtof oompoiind micro- 
soopea, IB ilmost infinite, and as tbey ore continaallj dumgiog, 
it would be a Lopelesa ta«k to attempt to give suob a descrip- 
tion BJ9 would be of real value to tbe reader, and eince, from 
motiveB of self-intereat, the manufacturers of these instriimeute 

I promptly publish fiiJl descriptions and engravings of new atjlca 
M eoon as they bring them out, the best plan for tboae who 
deBtre to make a jndicious selection is to procure the catalognea 
of as many manufacturers as poasible, and carefully ooinpare 
the several advantages of the different forms. To facilitate 
this, we give, at the end of the volume, the 
■ddressea of most of the prominent makers. 
There are, however, a few typical styles or 
models to which it may be well to call at- 
tention, and of these we give engravings 
sad BQoh descriptions as will enable the 
reader to form some idea of the stand best 
snited to hia special nanta. In seiecting 
illustrations of the different types, we have 
taken the cheaper forms in preference to the 
' more perfect, but more expensive models. 

- Frencli Vertical MicrOBCopes.— 

I form, although moderu when com- 

d with the microscopes of Adams, 

iker, etc., is one of the oldest forma in 

It was, we believe, devised bj Wol- 

H), as a stand for his doublet, and it 

3W too well known fo need elaborate 

otion, and as no microscopes of any 

> aver coustructed upon this plan, 

asary to point out its defects. 

xes are still sold extensively; 

nfaoturcd in large quonti- 
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liee, ttey are aolil very cheaply, irlicu the quality of the lenses 
ia taken into oonsideration. Therefore, nntilsome mannFactnrer 
coneentrates hia efforts upon tbe production of the more con- 
venient forma, and turns them out in very large numbers, the 
Teitical microscope will probably maintBin its place in the 
market, and many beginners will be led into buying an instru- 
ment vbich, even in its most complete and perfect form, will 
almost certainly be a sotiree of disaatisf action. Whenever a 
sum greater than three or four dollars is to be expended, some 
form other than tbe Tertieol should be chosen. 

Occasionally mioroscopes of this kind are furnished with 
BobTomatio objectives of pretty fair quality. In such coses the 
objeoliveB and eye-pieces, if they could be applied to n better 
etand, ^conld be worth more than the whole microscope in its 
ortginHl form. 

The Coutineittal Form.— Mast of the stands made by 
the better class of French, German and Aastrian microscope 
makers are characterized by a low, compact form, and great 
aimplicity and solidity of coiistmctiou. Oiu engraving, Plate 
I, shows a very serviceable instrument, manufactured by Mr. 
George Wale, formerly of the Stevens' Institute, bow of Pater- 
son, New Jersey. The general form of this stand ia very similar 
to that of the targe model of Kachet, of Paris, bat the details of 
construction have been changed considerably, and wo think for 
the better in many respects. The coarse movement is effected 
by means of a pinion and chain, the latter being kept tight by 
means at a spring instead of by a screw, as ia the common 
method, and as the pinion round which the chain is wound is 
milled so that the links fit into it, all aUp is avoided, and there is 
positively no "lost motion" whatever— the movement respond- 
ing promptly in either direction even when suddenly reversed. 
The fine movement consista of a lever which carries the entire 
body (ooarae movement included) downward by 
spring, and upward by means of a screw, the milled heai 
which is placed below the arm which carries the body. 
brings both movements so close together that the hand mAf 
kept on both at the same time — the thumb and fore fi> 
operating the coarse movement, while the third and 
^blgen make the fine adjustment 
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vltMi tiKArl In A fofticnl pontion. Tkia coofim gmC MaaiinM^ 
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Bte»d of joiDing Ui« bodj u a. riglit angle, »s in the Bom moilct, 
and m&Dj of tboee nnde kfler U>e ao-eaUed GootiDentftl p&tteru. 
Tbe BpecUl advu)tage« of this model are grcftt Bt««dineBi and 
the fact that in eommoa with th« foan next to be deecribed, it 
affords abundant loom anderae*th tha stage for those acceaaoiy 
methods of iUnmin&tion which az« indispenaable in the highest 
class of work. It is almost impossible to attach to tbe smollet 
pntterus of tbe GoDtinental model a coDvenieot sab-stage, carry- 
ing polarizer, achromatic coDdeuser, paraboloid, ale., while the 
model under consideration is speciaUv designed to iec«ive these 
important accessories. 

The Robs Model.— The distingnisbing charaoteriBtio of 
this model is the mode in vhich the body ia sapported. By re- 
ferring to Plate in, it will be seen that the body is attaolied at 
its lower end to a transverse arm, which in tnm ia supported 
b; a stoat bar, which is maTed np and down hj means of a rack 
and pinion. This movement constltates the coarse adjustment, 
the fine movement being effected by means of a lever which is 
concealed in tbe transverse bar, and acta upon the nose-piece. 

So far as mere questions of convenience and adaptability to 
different kinds of work is concerned, this model is all tlint oau 
be desired, and as made by Ross & Co., the workmanship is so 
perfect, and the finish so ejqusite, that it bas long mututainod 
a high position in pnbliofavor. It has, therefore, hadnumerouH 
imitators, and bas probably been copied more extensively than 
any other model in eiistence. At the recent Oentenuial Kibl- 
bitioQ there were miorosoopea on this model from tbe moal 
widdy scattered localities. Canada was represeiated by two 
microacopea made after this design. Unfortunutrly, hnwoTcr, 
this model is one of the very worst that a poor workman uuo 
attempt to imitate, for iinlcBstbe workmanship is far above Uxt 
awrage, the results are execrable. The rensou (or tUl 
very obvious. The body, being supported only at tlin l< 
end, every vibration causes tbe upper end to swing throu| 
a, oompatatively large arc, and hence any motluu arising trQ 
DngnBeBa in the joints is multiplied a hundred fold. And o 
^■tnt the joints are firm and without shake, any vlhratlrin 
^Kriekted to the tablo on which tbe inalrumout at* 
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p«fttlj> Inoreiised Iti itH eSeeia wben it reocbo ihg iippgr wrfrf- 
Uio lioily. In ndiUtion to tbis, the tmsupported part of Uh 
bnil; 111^(1 II iri^R, hj (inoli mnTfineDt, B. momeDtam wbioli reacti 
Hiwerliillj on Ibe lowvi' part, and couBeqneatlj on the ob- 
titlive. 

■e dnfccta have luilnocd Mt-stirH. Robk ^ Co. to bring anl 
|)utt»rii i1n*igDpd After the JuukBon model. This Aaign 
hM Innu imnifillly worknd ont by Mr. Wecbkin, and is certaijtlj 
VPrrbMiiUfiiHlittppHarutice, Bcdver^ efficient and coaTeuietit in 
Our rrulnri will therefore bear ill mind, that aH micro- 
iwupa* mndo by Rom k Co., are not made ou tbe "Bmi 
RK'ilnl." 

It !■ not tint pnrpose to enter here into the det&ils of the eoo- 
Itntetluit ot the •t4kRt<, end tlie VAriouH mtwne of iUamittotion 
nblob li(<nom]iiinj tliin mieroBcope. For thefte we refer to tha 
ffXtnnilvo llliialraltid cntkloguea, vhieh may be obtuued bom 
lbs mtuufuotiirerN. 

Brownlni[^> Kvvr Model.-Tli« importance of beiB^ 
Kblfl to rnlntn tlio nbji'i^t in relation to the ilbunination is get>- 
arullyrnoogiilxed, and !n nluioHt all the better cIbsh of stunda, 
full primiilnn ia nindu for tV'>». It lina alwaya been difficult, 
r, to aeuiire perFi^ot eoiijcideuoi* of tbe centre of rota- 
itlon «itb tlin optin axla. In the bettor class of microacopea, 
Buda II («w yeara ago, theimnkera depended upon perfect «rork- 
Dahip toaritmri} tlilaend, and oonHeqnently a aatisf aetorj rotn- 
Ung alage wn« to bo fmind only in tlie very best inatrameDta, 
Lttar nil, however, pir/»ction in not to be found, and even Iba 
fpntntngon nf this kind were very liable to get out of order. To 
bvUtetblH, Mr. Browning hns constructed hia stand with tbe 
) in two iiit-res, the lower part being connected with the 
18 of illniaiDation, while the »ipper part, whioh 
iwer, 18 rigidly attached to the arm wbu& 
fa body, tn this way the body, arm, and etage may 
~~ d la relation to the illumination, and for ordinaiy 
rs very well. 'When polarized light is need, 
f faiobvioas tlml it Is impoHsible to rotate the olijeetin 
At polarized ray, without also rotating theanalyzer, 
ni that fau ynttxA ant^ uix ^lu» " 
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knows, it is often of gre&t importasce that botli polarizer and I 

nnaiyzer should be kept stationary, while the object itself I 

rotates between them. 1 

I The iDverted Microscope.— Some years ago, Professor 
J. Lawrence Smith devised a microscope epecially adapted to 
chemical inveatigation. In this inBtnunent the stjige is placed 
finer the objective, which is inverted, and the body connected 
with it at an angle. A prism reflects the image of the object, 
and oaoaes it to pass np the body to the eye of the observer. 
For some pnrposra it is a very useful instrument. Nachet I 

seems to be the only maker that keeps this form in stock. I 

Tbe Binocular Microscope.— More than two hundred ] 

years ago, attempts were made to construct binocular micro- 
scopes, and yet a good and efficient binocular is a thing of 
yesterday. Professor Eiildel of this country, M, Nachet of 
Paris, and Mr. Wenham of London, seem to have beeu most 
prominent in the efforts that have been made of lute years to 
perfect this inBtrnmsnt, and to Mr. Wenham is dae the credit 
of having produced a method which i a at once efficient and 
easily made. Indeed, so little doesthebinociilar feature now add 
to tbe expense of even good microscopes, that a London made 
stand, which in its monocular form costs 090, can be had as a 
binocular ot the most excellent quality for $100. Mr. Wenham 
has, therefore, laid all microscoptsta under deep obligations, J 

not only by devising such simple and efficient means of accom- I 

pLishing a most desirable result, but by giving the use ot his 
invention freely to the world. 

Of tbe value of the binocular, there is a wide difference of 
opinion, some regarding it aa a mere toy, and altogether 
beneath notice as an instrument of scientific research, while 
otben consider it a most important addition to oar mean" '^f I 

investigation. Since, however, it kIU almost always be ^ J 

that those who place a high vahie on the binocular are ■ 

who have nsed it most, while those who decry it know 4 

lutelj nothing of ita merits, and are even ignorant of tbe 
nor of naing it, the reader will have bat \\W\e Ctv^LCiiV-^ H- 
ddiDg on wbieb side the trutlx Uee. la.'EiBi^Mia.,Ni\i'««>'^^^^^^ 
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ZL. '.tjH'x. Z'i. JLJk hi ygftf-^: €ic zjST^acaed 



z^fOis *5-:'-r:i: ii i^-. -*^ :f iIt !;▼ j^c-rtr*. Ai.d Ler.ce, 



Lj^yy.'.-^. ;i i» :5 o:=.rii^fct:TrlT §l:r'-i fciTLz.!*^*. And 
ii. g^-*^ril r.'^ 5: --i iLii il* inr:'::*! c-f^r*:*::::- to ihe 

fvTSii ;; of 1::."L«T lir: v. tlTna.=rlTe*. c-:i.c--i«u \LmI it cod 
j/*.%;'o1t be c5 ::.%* :o acr o-e el*r, 

Atvm j,"j LaTA bwri. rLii*, »lI. i witi. p iniil fhomss, to 
tL<fe b.:-'X"ilir f**:iTe to :-£tj::z:ri.i« used with Ligh p. 

kitd wLicL L&s l/rrrri. i-igLlv prais^^l I r s>: nr. X,>s LatIzi 

Tbe iidrnLUg^ pre&cLi^d bj L-i:.c-e-.il&r instroinrZits a 
fold; tbe relief to tLe observer ari.*:::g frosi the abilitj 
both eyes w very great, aLd tl.e v-^w wLioh is obtaii 
aiiy object i» ko ii.'ich clearer tLd xr.ore reili&iic, that 
oiioe lierceive, by oar niere sense of vision, those features 
w^ would otherwise have to work out by tedious menta! 
Icemen. It lias been said by some, that the binocular is i 
exafrgerate the stereoscopic effects, and give false views. 
is certainly not the case under ordinary circumstances, a: 
doubt much if it ever occurs. 

We have chosen as an illustration of the binocular i 
Mope^ one of moderate cost, made by Mr. Crouch, of Lo 
Tbe etoad ie designed after the Jackson model, and th 
bodiee tie famished with draw-tubes, which may be mov< 

III iliiililtB&eoasly by racks and pinions, the milled he 
Men at the npper part of the instrument. The : 
■ohein prism which produces the binocular eff 
i*e tbe noae-pieoe; by w\i\i(Vxa.wiiif^ W. ^^jii^^x 
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inetrnment is at once converted iato a monoculur, equal in 
everf respect to aaj that, are made spocialij in that way. The 
fine motion ia bja lever, which moves the nose-pieoe, to whioh 
the objective is attached. The instnuuent is furnished with a 
well-made mechanical stage, and we would call the special 
attention of the reader to a point, which we have alrend; noted, 
viz., the abundant room which is found below the stage for the 
application of acaeaaorj illnminating appatatos. The sub-stage, 
which has very delicate means of adjustment for focnssing and 
centering, has considerable range, and affords facilities which 
oannot possiblj be combined with what may be colled the 
"dnmpy " models. 

Binocular Eye-Piece— A very valnable and e£Bdent 
means of converting an ordinary monocular microscope into a 
binocaler, has been devised by Mr. Tolles, of Boston. Bat its 
price, $80, places it beyond the reach of "beginners," for 
vfaom this work is speciaUy intended. 



OBJEOTTVES. 

The modern compound microscope owes almost all its value 
to the high degree of perfection which has been attained in the 
oonstmction o( the objeotivea naad with it Some of the old 
microscope stands were quite as elaborate, and quite as costly, as 
anything that can be found in the workshops of our modern 
opticians, but from the fact that the objectives were little else 
than simple lenses, their value as instruments of research was 
of a very low degree. This being the case, it is of some impor- 
tance to the microacopist that he should have at least a fair 
nnderstanding of the oauses to which the superiority of 
modern objectives is due, 

When we use a simple glass lens as an objective for a 
pound microscope, we find on attempting to examine ' 
nnderpowersof more than one hundred diameters, thefol 
defects and difficulties: The field of viewissodimlyiUaii 
thatobjecta are seen with difficulty; the outlines of the dii 
parts, instead of being sborp and cVesiT, wft ■OaxOa. »-t«»- 

reral of fjie lines are txinged -wiftv^iTiffiiaoH. «JiOit*,NsoSjj^^ 
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which do not l^eloni; to the ohjeots, and flnally, if the ondinei 
of the object nlioalil hannen to be .straight lines, and be known 
to be snch, it will Wt» ftmnil that they will appear to be onrrad 
and distorted. It is evident, therefore, that a simple T*»w ean- 
Dot be nsed as au objective in any important work; its indica- 
tiona are anreiiable, and tlie imagination ia allowed foil acope^ 
so that the eye is enabled to see whatever the mind <iwiM 
to see. 

The defects which we have jiist detailed, and which oe finmd 
in every simple ^lum lens, whose snrfacea are bonndad with 
curves that are parts 4)f circles, are largely due to what ia oaUed 
apht^riod and 'hrinhith' •ifi*'rr in'f>a. As these terma are probably 
not familiar to mmiy of our readers, we will give oa fnll and 
■simple an explanation of the subject as oan be done withoot 
the formal aid of mathematiirs. 

Spherical Aberrafioa.— The enlarged image formed at 

the focus of any lenH. aud rendered visible on a screen or sheet, 
is pro4luced in this w.'iv: The rays proceeding from the object, 
and passing throuq;ii the lens, are, by the action of the glass, 
bent from the path tliey would otherwise pursue. The object 
may of course be suppf)se<l to consist of an infinite nnmber of 
points, and from these points rays proceed in every direc- 
tion, and conseqTiently through every part of the lens. If the 
lens were perfect, all the rays from any one point wonld be 
brought together at a second point corresponding with the 
first. Unfortunately, however, the ordinary lens does not do 
this; the central portions of the lens and the outer por- 
tions act differently; the one brings the rays to a focns at 
a point a little nearer to the lees than the other, and, con- 
sequently, although we move the screen to a slightly greater 
or less distance, we still get an image of about the same 
degree of distinctness. It is obvious, therefore, that when 
placed at any distance within certain limits, the screen will 
'seive not one image, but a series of l>ti/'^:^ of images as it 
vid this consequently gives an indistinctness to the 
image. 

sflders will find no d\&cv\\\.^ vcv VXiVci^Ti^ ^\^ ^SEA& 
• themselves, and w\\eix W\e^ Vko.^^ «ms%^ ^\» vS^sm 



or THE MiCBogoopE. 43 

ideas upoa the siiliject, thej irill see that spherical aber- 
ration ia causetl by tha difference between the eitent of tho 
refraction produced at different parts ot tbe lens, and thia 
appIicB not on); to all the rajs proceeiling from each ih- 
dividiial point, but to the several pencils which proceed from 
different points. 

It 18 evident that if some parts of the lens bring the rajs to a 
fooaa at a shorter distance than others, these parts must magnify 
more, and such is in reality found to be the case. But if one 
part of an object is magnified more than another, the image 
will bediatorted, and hence we have what is sometimes known as 
aberriUioii of/ovm,, Thia distortion is easily seen by examining a 
piece of muslin with a magniiicr of high power and large 
diameter. Tbe threads in the centre of the geld of view* will 
appear to be straight, while those at the outside will appear to 
be curved, j- 

Chromatic Aberration. —This is a defect of ordinaiy 
or uueorrecteii leasea, whereby tliey not only aot as magniSera, 
but OS prisms, decomposing the light, and causing objects seen 
through them to appear witli a fringe of color. Oommon hand 
magnifying glasses, need iu the ordinary way, do not exhibit 
this defect to a very marked degree, but when the images formed 
by lenses of this kind are again magnified, as ia done in the 
oomponnd microscope oi telescope, the color becomes very dis- 
agreeably perceptible. 

a of tbe object whicL l( vJaible 



fin ordinarj Ibdbcb anil miotoBcopes, ia vhicb this ilL'fect la not oor- 
reotedb; the itrncture oftbo glisaeii themselveB, tbo slTocts of aphericit 
»beiT»tion ire leiBoaed by oontnoting the field o( view, bo that ontj Ihoeo 
parti ot tbo object wbioh are seen tlirongli the ceolro of tbe lesa or objeo- 
tiie ara Looked at. ThiBoonlrMtioaisuBiially efilauted by manni of dia- 
pbr4gai«, or rouad plstea of metal pierced nitb a ceatial hols, which are 
BO placed M to cut oft tbe raja which pass tbcougb tUa edge of the 
and leave only tboBO that aru central. Thia plan, however, la ol 
■nbltltntioii of oun defect for another, for bv leaaening tbe Seld ot 
tbe IsDi, W8 are prevented (roni ioolng more than a very iBullijm' 
tbe object, and in addition to thia \he\ig,\\t ia so mafia twi'««^'^ 

'wBeanonly witli very grefcl 4iO!iciiU5,SioiiiQ\.».'i.«ii<J»«^'S* ^^B 
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dwii fCfrd Objectives. Tho dofccts which we have 

4l<««rrih(Hi huTo 1kh?u tlie chief difliciilties in the way of peri 

iof: hd&i ih<> microscope and tho telescope. In the case of 

MN>r. howv^vvr, it wiis long ago found that very excellent 

mTlK^^nild 1v obtninod by forming the lenses of two or n 

pi^M* of glaM of dilTerent kinds, iind numerons attempts i 

mhmI^ I^ Afifilj tho same principhis to the constraotion of 

«iifnMiM>p<>, but without markt^l success. The small lei 

im^ for tho miorosoopo scomod to defy the skill of the pn 

liil ofliciana of those days, and rosort was had to such dev 

m Tottwus made of precious stones, and the use of light wl 

HiM not lie decomposod— mr>//f>-f7/;v>//ir///c' light as it ' 

^«2M, or light of one color. Such light is readily procured 

j^ {^MiibnstioD of alcohol mixtul with common salt, and wl 

^^Insiiuited solely by such a light, a brilliantly colored paint 

# >j|9 eiAOtly like a plain bliu^k and white engraving. ] 

^^/^lidOgh the use of such a li^^ht lessens the evils caiuied 

^y^\^^tifl aberration, they introduce another which is qi 

^|^^^,QS.-objects which are really colored, appear in black t 

^^4* only. Moreover, hucIi a light cannot easily be obtaii 

Jh^ lirilliancy sufUcient to aiTord good illumination, and 

t ^^on ^ ^^^^ ^^^ ^^^^ defects due to spherical aberration s 

j^^ jfst attemj)ts made to perfect the object-glasses of mio 

^^ ^OQsis^t^^^ in the use of doublets and triplets, it havi 

iC^ ^pd that the sphericAl aberration is greatly lessen* 

vL^ f^ total refraction is divided up amongst several surfa 

Jbf^ r^'^ curvature, instead of one surface in which the cur 

f^ci^^ ^^sive, iind this plan is still pursued in the constr 

Tt^ bflt are known as French triplets, which will be i 

.^0^ ^^eafter. About the year 1820, however, Mr. J. 

JhJ^ Jjondon, England, published an elaborate paj 

•jil*'» subject, and it was from the principles laid down 

,-K«tb* iba* oil the important improvements in the mod< 

Itf P*P^' nO^ ^^^^^ '*^®* '^^®^ principles were embodied 

x^re y^ construction of objectives by Andrew Boss, i» 

-*^*'* ^portant improvement known as the ad jo 

I of cover. To Lister and Boss, therefo 

id that we owe that optical wonder, 
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modem olijective, for aUhoiigh great improvemeuta hava been 
nuula wilhiD the post Sew years, it ia upon the results of their 
labors that these iiaprovementa have beeu based. And jet, 
notnithataiidiug this wQll-kiiawn fact, the names of these 
diBtingniEihed micrascopiBtH are not bo much as mentioiied 
in this oonnsotion in the recent nork of X>r. Frej, whioh Laa 
been lately translated into English, and estensivelj ciroiilated 
in this coiutry I 

In estimating the quality of an objective, there are certain 
features to which especial attention mnst be given. Aside 
frommagnifyingpower, which, of cjurae, eannotberegardedns 
affeotingthe '/u'lWy of an objective, these poinlsare: 1. Dufio- 
ing power; 2. AcliromatiEm; 3, Freedom from aberration 
of form; i. Flatness of field; 5. Angular aperture; 6. Pone- 
^^ratioE;7. Working distance." 

P Defining Power.— This is undoubtedly the most impor- 
taiit qualily to be sought for in objectives. A glass that is 
deficient ia this paint ia absolutely worthleaa. WantoF de- 
fining power is shown by a general haziness and thickening of 
the oatlines, together with a want of cleameas in the details. 
It arises from the presence of either apherieal or chromatic 

*TliQ aathors or the Mkirographia DictionBry ounmer&tG tho rolloning 
pointa as those in vhich objeel-glBBBCS diETcr from Fucli other: 1. Mogiii- 
fyiDE power. 3. DeHnlug power. 3, Ponolrnling power, i. Their cor- 
rective ad aptktions. The foDUtioDB attributed to " defining ponrfr"u'e 
the same H Ihosa (fiven by other wrilerB; "paDBlrating power " seema to 
be eqaivalent to nhgt ia generBlly Oalli>d "rcBolving powei';" "eorrroliva 
adi,ptatiaii''iB merely tLepieBHDceoI s meuis of adjusting for thlclincBi 
of gUaa cover. Fray diatiDguisbeH two attributeB of ohjeut-glugsee, viz., 
deBoing power, ind penotrnting or resolving power— peue Ira ting power 
■□d reBolving power being considered by bim to be the Bime thing. 
Uupenter enumenitea four diatinct attributea of object -giaBaes, vis., 
" (]} Sijfining poaer, or the power of giving a dear and diaiinet Image ot 
all well inacked featocea of an object, oapaciilly of itsboimdariea; (2) its 
penebraling poam- or fOeal d^t, by whieb tho observer ia enabled to look 
into the struutnre of objects; (3) its resohing jjohw, by which i1 " ' ' 
closely approximateil markings lo be (lisllugnisLcd; aiAd (4) tb 
Iff Uie /iriil which it gives." Wo eaunot regard any of these 
linuB, as strictly logical. Boalu luakes no rurmal Etatement, 
le Tory esceUont practical directiotia in regud tg 
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al>erration, or both. It might be caused by a want of finish on 
the sarfaces of the lenses, but this is seldom the oase in prac- 
tice, except where the objective has been exposed to some cor- 
roding fumes or liquids. Old objectives that have been very 
excellent in their day, sometimes fail in defining power, from 
the fact that the surface becomes covered with a greasy deposit, 
very slight, it is true, but just enough to destroy the efficiency 
of the ghisH. Objectives in this condition should be returned 
to the makers to bo cleaned. lu one case we found that in a 
lens which failed to show anything clearly, the difficulty arose 
from the fact that the cement used for uniting the glasses of 
the combination had become affected. The objective was by a 
well-known maker, but was over twenty years old 

AclironiatiAiii.— When an objective shows much color, it 

fails to deiiue well except by monochromatic light, such as that 
obtained by passing sunlight through a cell filled with the blue 
solution of copper in ammonia. A very slight degree of color 
is not regarded as objectionable, und indeed it has been found 
almost impossible to secure the re(iuisite angular aperture and 
absence of spherical aberration without leaving a little color. 
Some of the best objectives, therefore, show such objects as 
the P. anyulatuin with decided colors, and yet well resolved. 

Aberration of Form. Au objective may appear to de- 
fine an object perfectly, aud yot give a very distorted figure of 
it, just as a cylindrical mirror gives a perfectly definite, though 
very distorted, image of objects seen reflected in it. Aberra- 
tion of form may arise either from over or under correction of 
the spherical aberration, or from want of homogeuiety in the 
glass used for making the lenses, or from a want of perfection 
ill the workmanship — the surfaces of the lenses not being per- 
fectly spherical. Sometimes this defect is shown very clearly 
ou one side of an objective, while the other side is not afieoted, 
and this fact may give rise to very curious results when the 
objective is tried on different stands, and with oblique light. 
Owing to a variation in the point at which the screw threads 
begin in the different stands, the objective, when fairly screwed 
np, may have a different position in each, as regards the direotioa 
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from vhich the illiiminatiou cc 
AD objetttive wliioh may give 
may ftkil on auotlier. An easy wny of testing tliis fact, is by 
means of a rotatiug adapter. Of course the bent teat for aber- 
ration of fom is the artificial star, though iu the handa of the 
beginner, a nticrometej, raled into eqaarea, io probably tlie 
most avaUable test. Any trace of the deffot uuder cousidei- 
fttioa will be shown by the lines being carved. 

When the liuea appear curved, from the fact that the spherical 
aberration has not been properly corrected, the nature of the 
error may be determined as followH: When the rairrometer 
linea are widest apart at the centre (like the lines on a map of a 
liemisphere) the Bpherioal aberration has been over-coireoted. 
It is under-corrected when the reverse ia the case. 

Aberration of form Is one of the worst faults with which a 
lens can be affected, and experienoe has ahowu ua that it is the 
one which is least apt to be detected by a beginner. An objeO' 
tiva may give a " beaotifol " image, and yet be worthleas 
becaiue affected with this defect. 

Flatness of Field.— If. when we examine a perfectly flat 
object, every jwirt included in the field of view is clearly in 
focUH, the objective ia said to have a ,A'/! Jielil. Want of flat- 
ness of field is shown by some parts of a fltt object being 
alear and well-deflned, while other p,irt8 aXa out of focus. In 
ganeral it happens tliat where tbia defect exists, the centre and 
(droumference of the objective do not act together. 

Angular Apertnre.— This subject has given rise to aome 
of the most vexatious questions connected with microscopy, for 
a disoasaion of which we must refer our readers to the pages of 
the microscopical journals pablished dtiring the past few years. 
The views which have been promulgated by the two schools into 
nfhjch mioroacopists have been divided on the questions affect- 
ing Bngular aperture, have been of an filremoly opi 
□utnre. Thus, tlie Bostnu achool claim to have produced 
jectives whose angle of aperture is li^O^, while the En| 
mierosoopists ridicule any such claimB, Moreover, while 
on; be called the English school lay it down as a law tl 
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)ilj be in in* 
to have pro- 
duced oIijeotiTes of verj high aagtea, which nt the same time 
poBBesa great peustration. Even the ihjlr!if:(iii of tuigulaT 
aperlnre aeema to be unsettled, all of which in, of courae, voty 
pnzzIiDg to a beginner. In the present work we propose to 
necept the old definition, and to confine ourselves to generally 
acknowledged facts in regard to tlie other points. 




^K WAS D. 



^- Goring, we beUe^e, VWt &c«^ pointed ont the 
^gymtagea of high angW, anfl, BR^goa^aft. V'aft ^»^ tK^ 
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objeotii, and the figiirea on the preceding page were used by him 
to defiue aod explain what he meout by angular aperture. 

In tiisBB figures L L and L' L' lire two leusea of the aame 
magnifying poirer, but UifTerent ougular apertures. It will be 
seen that the coue of riiys proceediag from O, is eubatantiaJly 
the same aa that from. O', but that the lens L L takea in n larger 
part of the coae fram O, than the lens L' L' does of the ooue 
from O'. The angles L O L and L' 0' L' are the respective 
meoanrosof the angnlnr Bpertures of the tvo lenses. 

The dofluitiou of nngular aperture given by Goring, has 
beenfollowed by all subeequeiit writers, thi^npcnrnpanyin^flgTira 
lietlig tliat used by Dr. Oarpenter for 
the purpose of explaining and de- 
ficiDg the same thing. In this figure 
I of aperture. 
refoTe, while it is not to be denied 
t Other angles may be of great im- 
o ooneideriug the qiiulitii s 
n objective, it is altogether wrong 
bpply the term angular aperture to 
f other angle than the one that hna 
1 described. 

r. Goring devised several praoti- 
methuds of measuring the augnlar 
! of different objectivts, and 
be gives a very full aud clear descriptlaii of an arrangement 
adapted to liis own instrument, in nhich the foot was made to 
rotate on a carefully centered and graduated base — a very ex- 
cellent plan, niodifioatione of which have since been adopted 
by ilLr. Zentmayer, of Philadelphia, and by Mr. Bulloch, of 
OUcago. 

It is not difficult to demonstrate the importance of a compora- 
lively wide angle of apertare, aince objoct-glasaes poBsessing 
this feature are impabb of giving important reanlte which 
Ivnwa of lover angle cannot give. Thus, when we e: 
1 «f a superior French triplet of one-sixth a 
% the ejlioiooa remains of certain very minute pltt 
~ ■ Pbuififtgnia Jiulticum, we are able to aee c< 




Fig. 4- 
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to Bee thesa lines, it ia neDesiar^ that tha 
slaad be a good one, and that the ligbt i 
be very carefnllj managed, but, even | 
with the most perfect arrangementB o 
dinarily uaed, wa cannot, with auch e 
objective, discover similar markinga upon I 
the Ptenrosigmn Augulnliim, although 
they exist there in great perfection. But 
it foi; the French sixth we substitute a 
flrst-cIasB objective of less than halt iU 
magnifying power, hut of wider angnlar 
aperture, we shall be able to see the lines 
quite diHtinotly. We have now before us 
an objective ot four-tenthH o{ an inch I 
loona, which does not correct for thick- 
neaa of oover, but which, with any ordi- 
itary thiokness ot coveting glass, iacapa- 
ble of reeolving the lines on the Aniiu- 
laiuin perfectly, and we have seen objec- 
tives ot even lower magnifying power 
trhioh would accomplish the same tUiiig. ' 
That the etTeot depends here chiefly ' 
upon angular aperture, was shown very I 
clearly by Dr, Goring, from whose work 
we take the tollowiiig figures, engraved 
from seven drawings showing the ap- 
pearances presented by the scale of a 
butterfly's wing, viewed with the same 
magnifyingpowers, but diflferent angular 
apertures. A well corrected lena ot wide 
aperture showed the scale as in G; re- 
ducing tbe aperture, while all else re- 
mained the same, the appearance was as j 
shown in F, and by successive reduc- ' 
tiona the stages shown in E, D. C, E, 
and A, were reached. The slightest ex 
atninatioB shows that features wJiicli were , 
gaite distinot under a high angle, Wame. 
^mvimible when the angle waateanoea. 
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This quality iit objectives ol inrga angleB, whereby they 

Are capable of Bhowing (tisticctly delicate lines or dots placed 

very oIoBely together, ia known an resolving pon-^i; la tlie early 

fiflayB of microHCopy, it was called pendi-atitig poicer, the tena 

taetriUiiig Laving been applied to that quality of the teleaoope 

y which it is enabled to show separately the individual stars 

Jt wliicb tlie uebnlie are composed. In the telescope this was 

fcppoBod to depend upon spnce-penelmting power as distin- 

isbed from mere magnifying power, and tbia space -penetmt- 

g powei- was found to depend very largely npon angular aper- 

In the case of the microscope, hoivever, it ia now gene' 

lUy agreed that what was called penetratiDg power in the 

telescope, shall be called resolving power, while to the term 

■penetrating power an entirely different meaning has been given. 

Mere resolving power, however, or the power of showing 

aepantelj lines platied very closely together, is not the only 

valuable feature of well-corrected object-glasses of high angles. 

"ihey show dolionte lines and fibrea, and enable its to make oat 

Iffereiiaea of struotnre whicli are entirely inviHibte to lensea 

R low angles. Thus, for example, it has been found during 

cent researches, that the dflicate flagella of certaia monads 

1 be seen perfectly with high angle lenses, while with very 

mt glasaes of low angular aperture they are quite invis- 

The same faut, probably, holds true in regard to the nlti- 

iBte fibrea of serves and siiailar objects. 

e researches of Lister and Boss formed, as we have just 
], the first great step in the direction of better correction and 
sed angular aperture. Whereas, 40° to 65^ had previously 
I regarded as very high angles, even in ol'jectives of the 
forteat fooal distance, Rosa, in his objectives, soon attained 
H' aperture of 132° to 135" and, working with the glass at that 
9 Bvailable, this was pronounced the highest attainable 
Attempts had previously been laade to obtain a higher 
Igle by the use of the gloss which Faraday devised for optica! 
ppoBOs, and which is in Fact a borate of lead. Bnt this com- 
md is BO easily taruiehed and disintegrated, that it was 
tud bnprocticablo to use it. It liappcnej, however, thut 
P young American backwoodBtniu\, Cv\».i\fts k. ■S.-^ssMast^ aV 
mastota, N. Y., a graduate ot liVstnfiAoii * 



attention called to tliia subjfct, niiii ufter ooraful Btiidy 
he concladed that if be - could oulj procure a durable 
glafis of greater retracting power tlian that ordinarily at- 
tainable, the augaUr aperture might be greatly increased. 
He at ouce went to work, and after many experiments, he Buc- 
ceeded in producing a glose which enabled him to attain jnime- 
diately an angular aperture of 146°. Aa early as 1857 he hod 
prodnoed a l-12tU withan angular aperture of 178''. Hia objec- 
tives had corresponding excellence in other directions, and 
from that time forward tliis oountry has been noted for the 
eicellence ot its ohjuotivea, and especially tor their great resolT- 
■ iug power. We may note iu paaaing that gla^^s of great re- 
tractive power, combined with sufflcieiit hardness and dnra- 
bility, is now produced as a regular article of commerce. 

Peuetratiug Poirer,— As previously etated, penetrating 
power, in the early days ot microscopy, meant precisely what is 
nowunderstood by resolving power. Now, however, penetrating 
powermeans the extent to which an olijeot-gl ass shows thedepth 
or thickness of an object. This is a very important feature tot 
Bome purposes, particularly in histological work, as by it we are 
enabled to discover the relations between the different parts. 

Until within a few years it bos been accepted, as a thoroughly 

demonstrated fact, that penetrating and resolving power always, 

of necessity, exist in inverse ratio to each other, for it is alwaye 

found that, other things being equal, resolving power increoaea 

with the angle of aperture, while penetrating power decreases. 

Of late, Low(;ver, it has been claimed that certain leases of great 

■ lesolving power and high angle possess great penetrating power. 

Id attempting to reach a sound conclusion on this point, it 

be borne in mind that resolving power does not depend 

\l)7loli}/ upon angular aperture. Two objectives of the same 

" iniayhBvo very di^jent powers of resolution, on ocoonnt of 

tee of pertectiiin to which the corrections have been 

and it is quite possible that a lens of great resolving 

' may have a lower angle than another objeotire which it 

in this reapect. In this case the lens of greatest resolving 

Blight also have the groat«st penetration. We confess, 

we cannot see lio'v great 'pftUfcU&MvouiaHi.^i&wjv^ 
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bined with verj' high nngular aperture, and in thia view we believe 
that we areiuaocordwith the majority of our best microsoopists. 

Working Distance.— Thia is a very important feature in 

all lenaes, and good worlung distance is epeciallj valoable to 

beginneTB. There are many objectives in market that have to 

be brought bo close to the objeofc that ordinary covering gloss 

cannot be uaed, and even with the thinnest glass, the distance 

between the objective and the object is euoh tiiat great skill 

and care are required to avoid accidents. Such objectives do 

excellent work iu the hands of experienced microacopistB, but 

beginners should by all means avoid them. Objectives of very 

high angular aperture have in general very short working dia- 

. tances, but there are great differences in this respect amongst 

L the prodncts of different makers. Working distance does not 

BSepend upon angular aperture alone. 

Immersion Lenses.— Objectives which require a drop of 
liquid between the front lens and the covering-glaaa o( the 
object, are now familiar to most mieroscopiHta, and have come 
into very general favor. The liquid employed serves two im- 
portant purposes. In the first place, it partially extinguiahes 
two of the glass surfaces (the front surface of the objective and 
the nppor surface of the covering-glass) and thus it prevents, to 
a considerable extent, the loss of hght which always ocoura at 
these surfaces. In the second place, it decreflses very slightly 
the magnifying power, and lowers the angtdar aperture, but in- 
oreaaes the penetration and working distance; hence immef' 
sion objectives do not require the some precision of adjustment 
for thiokness of cover that dry lenses need, and consequently 
it is possible to produce non-adjusting lenses 
prinoiple which ore easily need and very effective, Thejare, 
therefore, great favoritea with moat Listologiata. Some makers 
have carried this principle so far, that the objectives 
Btracted by them can be used only with liquids much 
dense than water — pure glycerine for examph 

For ordinary work we prefer a dry lens, from the fact th&t 

is ftome trouble to apply the Ui\vn4 Kn4 tSiftKc'fiQ.c.'^'ai*. ^sA-"! 

Jfie eover, and where a, Ifurge TWLinbet ol dtawscsBiwsw- ■w^'«* 
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mftde, even trifling delaja muBt ba considered. Some makers 
have endeavored to avoid thia difficult;^ by BUppIyiug doable 
fronts (a wet and a dry) to their objectiveB, while Mr. Wenhnm 
has elaborated a (ormnla for a serieB of objectives which vrork 
either wet or dry, .according aa the arrangement nsed for the 
ordinary cover- ail j us tmeiit is set to the one or the other. JSot 
having had an opportunity to examine objectives constraoted 
auoording to this plan, we cannot speak in regard to its success. 
I'he origin of the imraereioa objective seems to be disputed. 
do far as vre cun learn, the principle was first suggested by Sir 
David Brewster, but the lirBt really useful lensefl of this kind 
were brought out by Hurtnack. 

Lentt Sr&temH,— Formerly the term "system" was «p- 
plied only to the entire combination forming the objective, and 
we had "immersion syBtems," "ootrection By stems, " et«. At 
present the word is used also to denote the iDdividnal combina^ 
tiona of two or more pieces of glass, which, when arranged 
together, form the whole objective, oBwiObe unileretood fiom | 
Fig. 4, where 1, 2 and 3 form the separate systems, each com- | 
posed of two pieces of glass. Such a combination (the figure of 
which is, of course, only diugramatic,) is said to form a thiee- 
system lens. Very low powers, formed of two achromatic lenaee, 
are said to be two-system; four combinations, four-system, etc 

Frencli Triplets.— A few yeai-s ago these objeotives were 1 
used quite eztensively. They are so called because they ori- 
ginated in the country after which they are named, while to 
further distinguish between them and objectives constructed 
according lo the principles laid down by Lister, the btter were 
known as the English form. Good makers of the English lorm 
are now found in the United States, France, Germaay, Austria 
and Italy; and the French pattern is made in many of the 
cities of Europe outside of France, nlthongh as yet neither tha 
KngUsh nor the American opticians have been able to 11 
faoture them at prices which can compete with those of 1 
icotttineiital Europe. The best of the so-called French ob- 
"veaaoosi&t simply of lenses in "wliAcV. ftift ditomatio aber- 
■"■js corrected by the usviai -p^an o^ -casJiiGa esuiVV 



ot two different kinds of glass, while the spherical aberratdon 
i» corrected partlj bj the form ot the lens, but chiefly by re- 
dnctag the aperture, and by properly oombining a. series of 
oiogle lenses, which, hovever. are never eepecially adjufted to 
each other, as in the English forms. Eaah objective, in its 
most perfect condition, consists of three lensea screwed to- 
gether, and in the lower powers these lenses may be separated 
and used either singly or in combinations of two or three. As 
the magnifying power obtained with two lenses is less than 
that obtained by three, the defects of the double combination 
are not aa obvious as they would be if the magnifying power 
were equal to that of tha triple combination. As, however, the 
spherical aberration in the case of a single lens, whether it be a 
plain lens or an achroTuatic combinatioii, is always greater than 
that of a doublet, and the aberration in the doublet greater 
than that in the triplet, it is never a good plan to attempt to 
obtain a low or moderate power by separating the lenses of a 
high power objective, and using them singly or in twos. Any 
person having a few French objeotives at hand who will try thifl 
and attempt to secure the same magnifying power by the use of 
two lenses, and also by the use of three, the latter being a regu- 
larly adjusted combination, will find that the results obtained 
by the use of the latter are far superior to those afforded by th«i 
former.* 

Considering their quality, these French objectives are re- 
markably cheap. Thus a French No. 1, which is nearly equiv- 
alent to the hatf-inch objective of the English and American 
opticians, can be bought for $5, while the cheapest student's 
objective of this power would cost at leostdonble that sum. In 
addition to thifl, the French objective may be divided so as to 
afford two other objeotives of about three-quarters and one 
inch each, and although the performance of these isfar inferior 
to English or American objectives of the same power, they are 

*Ia maJdng gach & trl&t, it is, of oonrie, DecessRr; to use leneea of eqn&l 
qiulilj Id bolb okbcb, iluce the qaality of Uie profeBsedly icbtomklia 
Frenidi objectives in muket TBries very much. Wo have loon objectives 
otthUclus of the lamo musniryiDg power, □neDtirhlah'>n:i'i^^i>!^v^^^*>' 
Uie nurklDgB on the so»lesot ttie c\ott\eii-nitift^» ■7f«i4,''f>"" "' " "j^— 
n*cdn ill* Pleurotigina BaUiamn.. 
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capable of showing a great deiU that is ioterealing and instrnd- 
tivo. Two or three yeara ago these lenses were the only o 
fnrnjsbed with microecopee costing less than $50, and in 
■very cheap instruments the difTerent powers were alwajB' 
obtained by the division of one donblet or triplet, whiok 
was thtu made to yield two or three different objectivM. 
Those, however, whocaiinot afford American obj^otiTee, and irho 
wish to do work that is of some real valae, are advised never to 
separate their objectives, or at least never to separate any but 
the very lowest — that is the No. 1. and against even this 
we wonld protest were it not tor the (act that nheap lenses 
of lower power than the half-inch are seldom found in market; 
and therefore, no other course eioept the division of a No. I 
ia left to us when we wish to use a lens of lower power. But 
this system of dividing is often carried too far, and we find a ' 
eroBoopes in market which are furnished with No. 2 or N 
3 objeotives which are divided when lower powers are needed. 
This ia decidedly wrong. If n power lower than No. 1 be need 
it may be admissible to divide this number, becanse thk if 
general the only course left to ua, but a No. 2 Khoold ne 
be divided for the purpose of obtaining an objective equivalent 
to a No. 1. 

The value of the numbers assigned to the different Prenoh ob- 
jectives varies according to the fancy of the maker, but those 
of the better class usually found in market are about as follows; i 

Number 1 2 8 4 B 

CorreapoDdiue toons Ed purt« of >iD inch, . . 1-3 1-4 1-6 1-8 1-lQ 1-13 I 

Prey, in his recent work on the microaccpa, regarda the 
English system, whereby the focns ia expressed in incbea, as 
"peculiar." It certainly ia " peculiarly " definite and positive, 
inatead of being indefinite and arbitrary, as is the aystoiB 
adopted by the French and German opticians. According to 
. the Bnglisb and American systems, an objective of an inch 
{ foons ought to be the same, no matter bj what maker it has 
I been constructed, but when designated after the plan which 
y seems to prefer, it is impoaaible to tell tvhat the focus of ■ 
s may be, and consequently what its power ia. Thus— 
, 2 of Naohet has alocuftot WMsm ■TOcU,-«\ttl6a No, 
! lias a foone ol one \nc\v, a.ii&. •■ 'S.o. ^ tAS 
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(irdinajy Frenoh objectivea is about n, quarter of an ineh ia 
foool length. As it is often useful to the micruscopist to knoiv 
the powers of the different objectivea made b^ prominent con- 
tinental makera, we give the fociil lengtha of the objectivea of 
Nachet, Hartnach, and Oondlaoh, premising, however, that 
by BO doing we b; no means intend to closa these objectives 
with ordinary French triplets, 

Naohet's ordinary objectives are as follows: 

Nnmber 1 2 3 4 5 

Pocng in inohea 2 1 U3 1-4 1-5 1-8 

The immeTsion and correction objectives of the same maker 
ore aa follows: 



Hartnack's objectives of recent construction are aa follows: 

Number 123458788 

FuouBiniDclies.... 2 1 3-i 1-2 1-4 1-4 l-<! 1-9 1-11 
Hartnack's new objectives with immersion and correction are 

FoCUB lu inChei. N(i. FOCUB ininohe*. 



^ 
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I 



! Tlie following is Onndlaoh's scale: 

FocQB in intAhea. No. FoanBinJDoheBi 



Tat.. 
Vir6,, 
Till .. 



Yla and Vllft are not adjustable tor thickness of cover, 
while TI6 and YUb are. TTTa, VILb, VHI and IX are immer- 
sion lenses. 

Since taking np his residence in this country, Mr. Qundiach 
has adopted the system of the English and American m 
and deeignatea hia objectivea by their tocul length, 
table given above, however, will prove of Borvice to tbo 
:tlier pusness or intend to purclia^ &pe(^uaCi'na (A ''wia 
•me of which was vary exceUeat. 
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fftLse ? In soma departmenta, the moat earnest and long-oon- 
tinned discnsaiooB bava been maintained in legard to the ao- 
ooracy or inaocnracy of certain images bs seen by professionil 
mioroBOopiHtB, and, strangs to bbj, these disputes afFeot the 
very testa most oommonly used, viz., tlie Fodura ecale and the 
test diatoms. 

Makers of objeotives, and skilini microacopists, being aware 
of the faUaoies vhiob beset examinations of this kind, resort to 
oertaia artificial Btandards of which the construction is posi- 
tively known, and which should therefore give appearances 
oonfonning to this known structure. Nameroua tests of 
this kind have been suggested, but the only ones generally 
accepted are the artifloial atat* and ruled glass plates. Of the 
latter, ordinary micrometeis answer a very good purpose, bnt 
the most delicate tests are the famous ruled plates of M. Nobert. 

In the ezaminatian of objectives, there are a few simple gene- 
nl rules which must be observed by the niiarosoopist it he 
would secure acoDrate reenlts. 

The first important point, and one to which sufficient attention 
ia not generally given, ia thehealthof the observer at the time of 
making the trial. The eye is a very delicate organ, and the 
■lightest derangement of the stomach or nerves affects it to an 
extent that few persons realize. We have an objeot-glaSH of 
comparatively low power, with whioh, when in good personal 
health, we find no dif&eiilty in resolving the P. angulatiim, 
though a very slight disturbance of the digestive organs, len- 
ders the lines perfectly invisible. 

It mast also be remembered that in the case of such delicate 
obsecvatious, personal peculiarities, irrespective of health or 
Bicknesa, exert a marked iuBuence, so that it does not follow 
that what one observer sees, all can see. We have treijnently 

•Tho irtificial stRr is « very minnta globule of metcory, obtniaed by 
enuhing a ■mall drop bj roeina of > smart tap witb a Sat slip of iroa or 
itotj. Thii globule is mMle to act u i. wmtiX ooqtoi mi""'- ri-fii-pHnir 
IhsUghtof ii tuop, Dindie or window. Ilia not monti' 
wrltsnoa the microacope (OkrpODter, Bof;g, Beala.V' 

Mdbyaomeof our best opticvMi*. Tli. "?.(i-s»»»a'ff'\^; 

niredltiaae. Goring devol«d co'q«ic\bi«,'o\6 »^»Cft *■ 

at methodii at nalng it. ^H 
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oeen tboae wbo conld not distiiiguish linea that were Tiaible to I 
otbera, and we hnve also met those to whom an objectiTe, iaJ 
whioli the chromsitic errors were very obvious, seemed to bal 
perfect. This probably arose from a kiud of oolor bliad^-l 
nesa. Wa have also met ejes which distorted objects, and 1 
those which saw fringes of color round objecta viewed throngli 1 
an olijective of generally recognised excellence- 
Attempts have been made to get rid of the errors ariaing 
from, personal peculiarities (or what may perhaps be called the 
"personal equation") by employing photography, it being 
asBomed that if a lens will give an image which can be pboto- 
gnphed, it must give an image that may be seen, and that 
whatever is photographed must of necessity be a real image. 
But from the known fact that the foci of the chemical and 
visn*! rays do not coincide, and that the correlations required 
in the one case are not those calculated to give the best r^ults 
in the other, we have tittle faith in photography as the best 
t«t pf the excellenge of an objective, except, of course, in thow 
oitsefl where photographic work is the chief pnrpose in view. 
Lenses intended to transmit an image to the eye must be tested 
by theeye, andit certain eyes show peculiarities not possesBedbf 
the average eye, then lenses mnst be corrected specially for theot 
It is soaroely necessary to say that when an objective is pnl 
npon its trial, the stand and means of illiimiDstion onglit to be 
BOoh as will do it jnstice. The best stand in the world cannot 
make a good objective out of a poor one, but a poor stand will 
give poor results even with the best objective. The eye-pieces 
also should be of good quality, and if an objective, which the 
mioroscopist has reason to believe is a good one, fails, it shonld 
not be condemned until it has been tried with eye-pieces either 
by the same maker, or of a known standard of exoellence. And , 
we must also remember that it is not sufficient to examine an j 
objective in combination with a shallow eye-piece, or one giving 1 
A low magnifying power. An objective may perform very well,] 
with low eye-pieces, and utterly fail when a higher I 
qjiplied. Most makers of objectives test their glasses 
of very high powet — a quarter and even an 
foons, or what ■«owl4\>e eivoi'is.WAVi'S. c^"^ 
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■ The room in wLit^ii llie test is made must also be a subject of 

9 oarefnl aelectioD. Very maiij of our best mioroaoopeB mre used 
in our large cities; at lenst they are very generally examined 
there vith a view to purchase. Now, those who are familiar 
irith the Bubjeet, know that dtiriug the day time the buildings 
along the principal thoroughfares in our large cities are in snoh 
a state of constant -vibration, that good results are rendered im- 
poaaible, and therefore that an objective and stand which, 
under euoh cironmstancea, fail to resolve difficult tests, or to 
de&ne clearly, ehould not on that acoonnt be condemned. 

The illumination employed must also receive careful atten- 
tion. An objective which readily resolves the P. amjulatvm by 
central illamination, ^rhea lamp light or good daylight is need, 
may fail when poor daylight ia employed. Special directions 
on this point are given under the head of light and illumina- 
tion, and tlierefore we would merely say here that an objecLive 
which has been tested only by the dull bine light of a northern 
sky, cannot be said to be inferior because it has failed either in 
resolving or defining power. 

On the other hand, we miiat not plaoe too high an estimate 
on an objective which, by tbe aid of monochromatic Ught, (the 
blue-celt, for example,) has resolved certain diflioult tests, It 
is not uncommon to find that lenses of a quarter-inch focus 
will, Tvith blue ligbt, resolve the AmpJdpleura peSiudda, but 
fail completely with ordinary light. Even eighths and tenths 
by the eame makers, and of a grade quite as good as the fourths 
just mentioned, fail to resolve the Amphipteiira by ordinary 
illnmination, even when well managed. The aid which is 
derived from blue light in the resolution of difficult diatoms is 
unquestionable, but it is not quite so clear that this kind of 
light gives tbe same assistance in the matter of definition. Our 
own experience leads ua to believe that tbe real assistr* '^'^ 
rived in the latter case is very slight. Therefore, w 
regard it as a very high recommendation for ordinary 
ft lens can resolve the Anip/npleiirti by blue light ^ 
however, seen a foarth which would resolve the ^m/iA^ 
the light of an ordinary haud lamp, aided b ~~ 

I iUiuoiiiiitor. The objective waa mada \>3 loS^sft^ » 

^^nbted bj bim. 
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SELECTION AND DSK 

To determine the quality of tm objevtice it is beet to take np 
in euooession the several features irbiuli we have just detaile<1, 
aud examine its efficiency in encli of these direotious. Pint of 
all, the defining power eliould be carefully tried, this being the 
moBt important quality that a glass can poBBesB. No speoial 
test can be camed for tbia, and m fact the formation of b. cor- 
rect jndgment in regard tu it will depend more upon the 
experienoe of the observer than upon any particular rules that 
can be laid down. As Carpenter well says: " Aa experienced 
miorosoopiat will judge of the defining power of a lens by the 
quality of the image whioh it Rives of almoat any object with 
which he may be familiar." To whioh we may add that the 
inexperienced microscapiet will in general fail to detect a want 
of defining power, no matter what object he may examine. 

Thd chief points seem to he that the outlines should be sharp 
and clear, the blacks black, and the other natural colors dear 
and diafinct. Frey compares the image given by a good lens 
to a good copper plate, or a print witli sharp letters, and i 
illustration could be more to the point. He also states that an 
objective which is deficient in this respect, is beat tested with 
a pretty strong eye-piece. In our own experience we have 
found no surer test of excellence than this: An objeotiva whioh 
is deficient in defining power, ia sure to " break down " under 
a high eye-piece. Deep eye-piecing does not effect the resolv- 
ing power of a lens to tbe same extent that the defining power 
is lesaened, and therefore, the fact that a glass shows lines 
onder a high eye-piece, is not an absolute demonstration of its 
excellence as regards definition. At the same time, it will be 
found that considerable angular aperture is absolutely neces- 
sary toenable an;/ gltiss to bear deep eye-piecing, because with- 
ont this, the loss of light is so great that nothing oan be seen 
clearly. Hence the truth of the somewhat paradoxical state- 
ment, that an objective may be really good under a low eye- 
piece, and yet fail undi'r a high one. 

With the English opticians a favorite test tor definition is 
Podia-it fra!e, Uoforttmately, however, the structure of 

fHouie Aod even the ideuti&oatioQ of the scale itself, saem 
qtter of doubt. PagQullui pae,e'^a.a\^«e.a'«<T\\.\fnLl!X 
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still theqnestion Beema toha undecided. Gaipeater, in his last 
I edition (page 702) aaya: "The sharp and distinct briu gin g-out 

of the ' esclamatiun mnrks'of the Fo Jura scale, constitutes, when 
w with the greatest pmctioable freedom irom color, and 

with adequate ' focal deplh ' or 'penetrating power,' the most 

valuable proof of the fltnesa of an Objective of high power for 

the purpose of scientific work." 

To give onr readers an idea of 
how the podura scale ought to look, 
we give a figure copied from the 
engraving published by the late 
Richard Beck, in his work ou the 
microscope. The figure shows 
"the appearance of the Podura 
scale when the adjustment of the 
object glass is correct and the mai'k- 
iugs are in focus." The objective 
used was a one-eighth' giving a 
magnifying power of 1,300 diame- 

Ik is, we believe, generally conceded that in the present state 
of the art, pei/ec/ correction for color cannot be obtained, bat 
BO long as the residuary chromatic abberration does not inter- 
fere with the defining power of the objective, it cannot ba re- 
garded as an objection. And yet we have seen a would-be critic 
reject a very excellent lens because it showed a bttle color, 
while he was loud in his praise of another lens which, although 
more perfect in this respect was almost worthless otherwise. 
Like specks of dirt on an eye-piece, which do no harm and are 
never even seen by experienced microaoopists, slight color and 
want of flatness of field are the beles noire of beginners. They 
are the defects which are most easily detected, and the detec- 
tion gives the critic an air of knowledge which is to him a 
source of great pride. 

The best English and American opticians now all' 
Loorrect their best objectives, so that the field eho' 

^niah hue, white any prominent murkingB tm, 
'h a» the dots on the Anguifdwm, ^Axi^ wit. 
faed and of a very delicate tubij \.\tiX., 





liBuiiotity of oontdneotal nukws adopt tlia opposite plan. 
iTtieir lenseB are oyet-oorceoted, and objeote show a bloiah 
riKirder. 

A want or oorreutioD f or ooloria shown when thin objects with 
I jnauyoroBs linea are einmined, cBpecially with slightly oblique 
I tight. Ab a test foi aoliromatism in low powers, CarpeDtei 
1 preters a Boctioa of oouiferous wood, abowing the glandalai 
I dots. He also recommends the trachecQ of insecta, but almost 
w my lined object will answer the pnrpose. 

The existence of aberration of form is beat proved by the use 
I «f a Une micrometer or a Nobert's plate. When this defect is 
I very marked, it is easily seen in the curved and distorted lines 
F of which the image consists, bat saoh a state of things exists 
only in extreme cases. Where this distortioa is not very glar- 
ing, it may be neoessary to compare the magnified image of the 
lines in the stage micrometer with straight lines ruled on a thin 
plate of glass laid on the diaphragm of the eye-piece — in other 
t words with 'an eyc-pieoe micrometer iu which the ruled lines are 
I quite long. 

For testing for flatness of field and aberration of tomi, Frey 
I recommends " a slide thickly amenred with India ink, in which 
f small oiroles or other figiirea are aoratehed with the point of a 
L fine needle. ***'(_{ theinstmment is adjusted with trane- 
I mitted light for Huch a circle, it should appear sharply 
L the black ground, and not snrrounded by a halo 
I of light. If the circle ia then brought out of focus, it 
y gradually enlarges, while its sharp borders diaappear, with- 
L ont spreading a strong halo of light either inwards or outwards 
^Over the black field." 

The angnlar aperture of an objective can be determined 
Murately only by measurement, and this is something that 
beginners will liordly attempt To meaaui'e accurately the 
mgnlor aperture of an objective, is a task requiring «od- 
" table skill and knowledge, and most of the appli- 
xed by microaoope-makers for this purpose, fail 
iratti results. It must be remembered that in 
t (Ulgle of au objeolive, wa muat comply with 
Iftt govern the accurate measurement ot 
'^niiis work, gives a j 



wliich lie calls "the aimiilent anil moat oonTen lent, 
ture to say, tliat nona but hd eipert can obtain by it results 
that are anywhere near accnrate, especially with high powers. 
We therefore consider that any directions upon this snbjeot, 
addressed to beginners, wonld be worse than tiscleHB. 

Since, however, the resolving power of an objective depends 
in a largo measure upon its angular aperture, we may feel 
pretty certain that an objective which tails to resolve tests 
snited to its mngaifying power, is deficient in angular aperturSr 
unless, indeed, itsinnfficiency should arise from want of defining 
power, which may be tested by other means. Of ordinary work* 
ing lenses, Iho half inch ought enaily to reaolve the Pteiirosifpaa 
Balticam; the quarter inch should resolve the P. 'ingnlaliim by 
obliqae light, and those of a fifth or sixth inch focus should 
teaolve the latter test by axial or central light. An eighth, 
tenth, or twelfth, ought to resolve bU the diatoms on the Prrtbi: 
Plaits below the 17th. It is trne that objectivea of a quarter 
inch focws have been made to resolve everything on the Probe 
PlnttE, but Guch glasses cost too much to render it likely that 
they will tall into the bau<ls of ordinary students. Twelfths 
and sixteenths should go through the Profie Pintle easily. If 
they cannot do this it would be better to take a lower power at 
better quality, and use it with a higher eye-piece. 

Wemnatalso be on our guard against an old source of error — 
the nse of lined teats which vary from the accepted standard.* 
Great differences exist in the different specimens of the vdr- 
iouB test objects that are used, some, owing to individnal 
characteriaties and the methods employed in mounting, being 
mnoh more easily resolved or shown than others. Conse- 

•"The proof objects [Buely lined inaool scales] originallj' diBCovcrndby 
m<>, ue BiiflicioDt fur that purpoae in koiifst 'uiiiib, kuil wliea used whb '.he 
preoanlioDB I li«va pointod out. Bnt it is wtll known th»l th* 
Bbjuaefallf ftbueed, onlng to tlie Torioua fftcUiUea of reso 
exiit between dUTdreut apoolioeDB at liaod objeolB, the eib 
ten of which clngely reBumble oaoli otber; bo thitl it ms; 
Ihere are proof obJecCa to sail the capacities of all tiiicroseopi 
kre sctUBll; perrerted to tlie pnrpaBe of deceivhig the unseioi 
the patilia in a mnoL more efleutniJ mtmner, tbao could pi 
bean dune witbuat them." — fioring. Whkl is tcue o( the a£k. 
^^■BliiBiH kIbd tr IIP, t bough ihtIi'pb 
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^H quoQtlj, beoHUM au olijeotiTe resolves Due epecimeu d( tbe P. I 
^H An ffultifiiin, it does uotfollon' that it irillreaolTeallothen. One I 
^H of the most important steps in the direction of auifonui^ in I 
^^p this respeot, at least go far as testing the resolving power of I 
^H objeotives is concerned, is furmshed by the test-pUte (Proba V 
Pktte) of J. D. Miitler. Upon a slide of the usual size, he u- ' 
ranges tweuty diatocod. carefully selected as to eleoimeBB, and 
also as to resolTability. Those that he has choeea for tbe pur* | 
pose are named in the oceompanfiag tikble. Thej nra ankoged 
on the slide in a line wliich is about a quarter of an i nob in 
length, the beginniug and end of the row being marked by ■ 
specimen of EttpodUcim Arffim, Elirbg. The table on tba C^po- 
site page gives the closeness of the lines and the diraotion o( 
the markings in these diatoms according to the best aathorilM& 
In this connection it must not be forgotten, however, that men 
K oloseness is not the only feature which mokes a series of tines 

H easy or difficult of resolution. Every micrometer m.iker knows 
^^ that of two sets of lines, both ruled at 10,000 to the inch, one 
^F may bo much more diffioult to resolve than the other. The 
^M strength of the individual lines has as much to do witli it as 
^M the mere distance at which they are placed apart. SColler's 
^H Probe Platte is furnished of two kinds, dry and in balsam, the 
^K latter being, of course, by far the most diDicult test. It is an 
^^^ unfortunate foot, however, that even with all the core and skill 
^^^ exeroised, even tbe test-plates of Herr MiiUer do not always 
^^M conform to a standard; and, therefore, were it not for the facts 
^^B just stated, it wouU seem that the most trustworthy tests are 
^^1 tbe ruled plates of M. Kobert. | 

^^^ft It is not diffioult to test an objective of moderate power for 
^^H flatness of field, provided we have on hand a suitable object. 
^^^ For this purpose a thin section of wood, or of an echinus spine, I 
^^^ la generaily chosen. For low powers a very excellent test is ] 
^^^^ttWOf those micro -photographs which ore so common. One ' 
^^^^^^^■JBS ft sentence or sentences should be chosen in prefel- 
^^^^^^^^^B^ctnre, since, unless the liekl of view be flat, the whole 
^^^^^^^^H|)ffS will not be clearly readable at once, while in « 
^^^^^^^^^H^flMt known as aerial perspective mny give rise to an 
^^^^^^^^^^^|AA>it of flatness of field. In applying testa for 
^^^^^^^^^^^^^BjUris of oonrse obvious tlmt w^ must make mua 
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that the test usocl is itself iLit. Common glass slideaare not 
ilat, and as they are used for the cheaper kinds of micro- 
pliotograph.s, this fact may give rise to errors if we are not care- 
ful in our selections. The best slides are cat from glass plate 
which has been ground and polished so that the sidea are per- 
fect planes, and it is this kind only that should be used. Oare 
sliould also 1)0 taken to see that the object lies flat on the slide, 
and is not distorted by the cover. We have seen an objective 
condemned Ix^canso it did not show all the diatoms in the field 
of view in ff>cus at once, when the fact was that the diatoms 
were attached to the cover which was slightly wavy as ooven 
oft^iu are. When it is Husi>ected that the fault is not in the objec- 
tive, l)ut in the slide or cover, the object should be carefullj 
passed across the field of view, and the changes in focus noticed. 
This will in general tell where the defect lies, for if the part 
that is apparently foggy should move as the object moves, it 
shows that the objcict itself is not flat. It has been recom- 
mended by high authority to test objectives for flatness of field 
by strewing some fme powder on a slide and seeing whether all 
the grains are in focus at once. For obvious reasons this is a 
very unreliable method. 

Penetration in low i)ower3 is perhaps most readily deter- 
mined by the examination of opaque objects of considerable 
thickness. The round i)ollen grains of the hollyhock, and the 
rounded forms of the polycystina are excellent tests for objec- 
tives of an inch or inch and a half. Lower powers ought to 
show coarser objects in all their dimensions, while for those of 
medium power the coarser cellular tissue of plants answers very 
well. It is more difficult to indicate a good test for penetra- 
tion in the higher powers, in which, by the way, we have often 
seen want of penetration mistaken for want of flatness of fleld. 
This arose simply from the fact that scarcely any object is 
absolutely flat, and hence, as explained under another head, 
the curvature of the object is sometimes taken as an indica- 
tion of a defect in the objective. Want of good working 
distance makes itself obvious during the examination of any 
^ suited to the objective. 



» THE SELECTION 0¥ A MI0B03C0PE FOR PEAC- 

TICiL PURPOSES. 

The abject of all the information given in the preceding 
pages, in to enable the reader not otilj to understand and use 
the microBoope, bat to select one jndiciouslj'; and, tUereiore, in 
every section we have offered hints bearing in this direction. 
We now pro[)03e to give the reader such special instructions as 
are necessary in addition to those previously offered. 

Id selecting a microscope, regard mtist be had, not only to 
the excelleQce of tlie instriiment, but to its odapttbility to the 
purpose for which it is intended, and to the person who ia to 
use it. A complioated and expensive compound microsoope, if 
placed in the hands of a person having little experience or skill, 
would evidently be worse than wnated, while to attempt to con- 
duct elaborate and delicate inveatigationa by meuna of a cheap 
non-aohromiitie instrument, would simply be to throwaway time, 
and wantonly incur the risk of serious errors. And yet no mis- 
take is more frequently mode. A nucroscope is wanted ; the 
purchaserislibSal with Lis means, and he is saddled with an ex- 
pensive instrument entirely uasnited to hia requirements. Or, 
on the other hand, a phyaican or student of limited means re- 
qnirea an instrument, and being unable to afford the price of a 
really good one, he is induced to purchase a cheap affair, whose 
indicatiouB, when applied to the stibjecta for which he requires 
it, are entirely unreliable; whereas, he ought to be told that it 
he cannot afford a microscope with ffood objectives, he ought to 
loavo microscopy in its applications to medicine and physio- 
logy alone. So, too, wo often aee compound microsoopos ^d 
to students of elementary botany, wlltn a cheap disseol: 
Bffosoope is really what they ueed. 

Xt would be impossible to give anything like a list ol 
&4^ flhioU the different stjW oS ■cactowo-fi^a ^^a 
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■twi/giw tfaBgoienl ni^ diatwberaJ 

■•4 - —'«»**■■ af« ta be euried sb. » SBple w) 

is gcnetsl be dumem. *)ule tb« eonpcMBd i 

nlrtiif villi good obfeelive^ niadnpeaaiUa pImblvu I 

ym »a ii are Kiqiitnid for ti»e ej omi wi rt ow of objccta. 

Hanog docidrd opoo tbr ki»<t of iniuuaujiie that n nBwjtf J i,J 
Um iKxt atep is to detemitie the indiTidnal qvaU^ of tibe d 
fercnt instnttnenla that taaj be offered to db. To do i 
thomn^ilT, it wiQ in ererr case be fonod ■ good plan h> fa 
np, point bj point, all tboee elemeule that are necessw 
»ble iu a microaeope, and in (bia way anbjfct the ii 
to tin moat carrfal acratiujr. Uulua a microscope 
wpea^lj to order, it will be difficult to find one that will^M 
Uii« all deair&ble festores, but the plan we suggest certain^.J 
raabUa oa to decide most readily and accorat^lj aa to the piev-M 
ence or abacncc of those potnta which ore desirable for o 
poocB. The foDowing are the chief points that demand al 

ItiBgnirflns Power.— We place this first, because naaall; 
the fliKt qiicstlon in regaid to a microscope that is asked bjbe- 
ginnewis, " Wliut Uilsujagnifjing power?" Noirniagnifjing . 
power, ■!tliOHghBtiimi>orlaiit element, igttfteraiyjut a secondary | 
oomiideruliou, A niiirowope maguifjing a tboaaand diome- . 
tcm rciulil eowly ba nmde iitid sold at a profit for five dollare, J 
■Ills cxpeiiiktl in paper and pasti> will at any ti 
en treljle, the magnifying power of un ordini 
^ compound iimlimnicnt. The proper question is not bow n 
■'jjie magnify, font how much will it show. 
DWinr of oue hundred diameters, obtained by ti 
^gn objectives, will enable ns to eee more 
I lit iin rjlii"et than ooiild be reached by a magni|j 
■ I <rd, the leases iu the latter ci 
', ulthoogh not tlio first oonsideratioc 
I ■ .aiiruof snfficicnt importanc 
I, and without a knowledge of tba poweisl 
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ner will often encounter difficulty. Both these points Tjeiug es- 
sential, therefore, before diactisaing the mngnityiug powers 
beet Bnif«d to different purposi's, it may be well to any a, word ia 
regard to the mode in wliiuh magnifying power is always ex- 
presEed by scientific men. 

When we look at a amell object through a microscope, and 
see it magnified to twice its length, it is eviilent that its breadth 
is aJflO magnified twice, and consequently its surface, no matter 
what the sliapo may be, is magnified four times. It Blight also 
be said that as we oaly take cognizance of bodies haying a sen- 
sible thickness, this thickness must be magnified twice, and 
therefore theobject ia magnified twice tour, or eight times. The 
latter, however, ia a view which ia never insisted upon, and 
even those who claim the most for their microscopes, never do 
mor^ than express the magnifying power in surfaces. Scien- 
tific men are, however, agreed that to express a magnifying 
power in anrfacea ia to convey a wrong impression in regard 
to the assistance rendered by the instrument to the natural 
Tinou, for a careful stiiily of the physiology of vision, teaches us 
that our power to appreciate and distinguish the features of 
any object depends upon the distances to which the characteris- 
tic points of that object are separated, and this can be meas- 
ured only by linear, and not by superficial units. There are 
other considerations which lead to the same CDUclasion, but 
for the beginner it is sufficient to know that till scientific mi- 
croBcopists are agreed tliat when the magnifying power of a 
microscope ia stated, it shall be stated in diameters, and not in 
areas. By common consent, then, ten times means ten diame- 
ters. And yet it is a very common thing for charlatans, and 
those who wish te deceive the public, to say that a microscope 
sold by them magnifies ten thousand times, or on6 hundred di- 
ameters, and as " ten thousand times " is much more readily 
appredated by the popular mind than "one hundred diame- 
ters," the majority of those who read such statements suppose 
that they will be enabled to see ten tliousend times more than 
they oonld see with the naked eye, which ussuredlv is not tlie 
cose. In some instances these advertisers do i < 

the diameters. We have now before ua, dvp^eft,^ 
of deservedly good repntatjop, Baft&TO ' 
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'f Ihk, f'li * /;t.u,\s.* , ''. t\'\t'r*' -fit'. 'Ai:}. t-» ft'-c tiie lines on tlu' 
t'lpttfimliftn'i Ainittl'iiuta, wliicli liri*:.s ar»- about the one Hl'ty- 
llt<#ffAAri'H')f "' "^" *"''^* apart; wliiit lujiguifyiii^f poww would 
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^ith the befit illumination, the average hiimtm eje can jnst 
Brljdistiugnish lines which are the two-hnudrcdth of an inch 
■rt. Some ejes, nader favorable circumstances, can see 
) placed as close together as 250 to the inch, but the aver- 
e have stated. * To be riaible even to the best eyes, 
eiefore, the lines on the AngulatHm, miiHt be magnified so 
^t they will present the some appearance as lines spaced bo as 
to give nt the very most, saj, 200 to the inch. Thia reqiiit«B a 
mognifjiiig power of 250 diameters, and with lees than this 
they cannot be seen, no matter Low good the objective may be. 
And when Dr. Frey says that they can be seen with a power of 
80 or 100 times, whiie " weaker objectives, magnifying 40 or 50 
times, should show something of the lines," Le mokes a state- 
ment that we cannot accept. 

In-order, therefore, that an object may be distinctly aeen, it 
mosl be magnified to a certain extent, but the magnifyiag 
power absolutely neoeasary in any given case, will also depend 
npon whether the microscope is to be used for general purposes 
of investigation, ofmerely for theffifloffti'dmi of known fonas. 
For the lattej purpose a, power of 100 may be sufficient, while 
for the former, on the sume olass of objects, a power of 500 
would be the least that would be serviceable. The following 
are a few of tlie cases in which the powerrequired can be slated 
approximately: 

For medical purposes (except for pocket instruments, intended 
merely to enable the observer to recognize known forms) a 
power of 400 is needed, and the objective should be of really 
excellent quality. 

Students of histology require a microscope with a wider 
range of power. Low powers are more usefiU ^p them than 
to the medical man, and if they pnah their researches in cer- 
tain directions, thereisnolimit to the magnifying power needed. 

To teel ilia slalemeoL in the text, plico a, glaes niEuroinetor, ruled SDO 
linoi lo the itiob, oti the itago ot a microscope, Bod by jr 
niijTor IhroK * hf Biu itt lif{bt upon it, just as It fc 
mitttd liglit in the nsnal way. If we uow look at 
the tube, hut aimpl; from oue siie, they nlll appear (liatti 
Oned lines. Try the e&me with ainicroioBlAT '^ix>l&1£a^l; 
«7af wiU be »bie to distiagnlBh theU&««,^ia\.VQr3'S ~' 
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trtf V< ^twt • J » «ifc^f >, and, ffaeraf aie, the parehue of On 
iMon nay artfilv 1w UiarMid. 

fillvahtluiQ. m ftrnmr <lT MR V HiSuseixt; bnl ibe jvrj miuM 
rinvM oT ^^i tolil f BlKTBqinR a moeb faigiwr povtr, and K 
<)»«v*dn MtttifilnjdiarpMiitoiu the pibjaaolo^ of pluita. 
rnr Am dMiHtim of adnlieialjon, TTwi ml rcoonuncitds di* 

«Mi 'Ifat 1 «Ba Vd. S ■m--fDa9e&, ot famn 60 to SSO'diameten 
FW waltBMij jMujiiM» ot mebactitn] and amiiBeraeiitu) the 
l nwu nfcijj i . • Mipwwt m M' nagmfyine from 30 to 150 diaaetot 
"^rfR V Itmai MMI iM lwt in? . ud tor Sme resBoos: St 
tWiMHHki la «wflT BAiacrnd-. if ireD made it gives a poviT 
Wj^awBtrw 1 fnr aC nrdJBKrr ohjeaiB, and it need not be ei- 
TwtitW. THw m o Mtt, ^vlkBt il is u aaej matter to prepare ob- 
'•■'*. «■ *h« Owri B«v>r MMB «>AiBla«lod}T mxler loT and me- 
•Vnn. t» ■**»». it TT(]ahs 9»«t AiD and long practice to enMt 
|Sr «na>nt (1 firefww fthjiwte so that ther may be eiamiaed 
wWiyiMrilnnAiirBkiifAiF'wt. And finafly, nad^ a high power, 
TiKt « vticy <w>*li r>«mM« <rf «iiy oniiuiary object wan "be geen at 
<^M<n. «i>d «*<n<«s}BNri^ many n! tiiose tldngs th&t are bat 
•»*v«1 ttit pnmtha- ^XMniti«Ii>di oui >:i^y be aeeu pieooneri— 
•> ^■.«.^ immiisfartnrr Tii.i.ie of prowwdine. l^na, under a po«n 
.'■ NMi-imoti'rs. (;£■-> fnot.vnld not paeeifaly be Mratasavhtde; 

** t»t^t pximincasinple claw or pad at a time, but not ft« 

vtL,.k. r,v\v «l>Ac^^nw^.■]^0I1th■ wonld find great diiSenl^ in ao- 
.■■■11 •>M l,^,^^» of »-hat tlie prnentl etmctaxe ot the loot iai 
'*• ■ ■>• til.- i\i«,l^> (il,'»rer jiloas npon tiiis point, 'we have jiu* 
■' ■"■•■■I ill.' ,i)iiii,'kTs of thefieldsseen under French and 
\ "•■(II "l,..vi.lv,'«, *ith the following resnlts: TFith a magoi- 
i.!i,^ *■' *'i "< '•■' .liHivotws. the field is abont a qoaiter ot an 

' ***** A.\ ,|,H (vm. it is otie-<i^hlli of an inch; with 100 

>ii\^sntli of ATI inch; «ith 500 diameters, one- 

"i, I wiih XiWdiamoters, the onoJumdred- 

>i..li. It sivwe vhich is crdiuarilj invisible 
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to tlie niiked eye. ConHfiqiiontly, wlien tlieae lijgli powers aru 
nsed, it becomes veiy difficult tor beginners to place the object 
properly under the luioroscope, for, as will lie reatiily seen, unless 
it is adjusted with u variation lesa than tlie one-linndred-and- 
fiftieth ot rax inch, it cannot be seen at alL 

The lowest powers that will show satiafactorily certain well- 
known objects, are about as follows r The scnlea, or BO*c«Iied 
feathers on the wings of most butterflies can be very w€ill aeen 
with a power of 25 diameters; under the eame power, the eye 
ot a fly allows very distinctly the several emaller eyes, or ocelli, 
of which it is compoeed; the individual cotpnscleB or globules 
of the frog'a blood can bo distinguished with a power of about 
35 diameters, human biood requiring 40 to 50; to show dia- 
tinctly the form, etc., of these same corpuecles requirea a power 
ot 200 and upwards. The same may be said of starch granules. 
Human hair and wool may be aeen very satisfactorily under a 
power of 100 diametera, the former appearing like a cord, 
a quarter of an inch thick. In order to show the peculiar char- 
acteristics ot these fibres, however, the leuaes must be good. 
Gotten and flax can be readily diHtinguished under a power of 
80 diameters. 

A question very frequently asked in regard to cheap micro- 
scopes ia, Will they show the animalcules iu wat^r? And in 
almost all the advertisements of cheap microaoopes, we aretoid 
that they will do this. Now, gootl well water does not contain 
animalcules that can be seen with ordinary microecopej. It 
is only in stagnant water that they are foimd, and many ot 
them can be seen with the naked eye, without the use of any 
mioroBCope whatever. Othera require the uae of microscopes 
lutving powers a hundred fold greater than that of the beat 
ordinary use. It is evident, therefore, that 
BQOh alatementa are worthless as affording any jndi'" "t 

the character of a microscope. A microscope magu 
teen to twenty diameters will show objects that are 
invisible to the naked eye, and with fifty diamctel^ 
~ definition is good, we can obtain a very interest! 
ly of the most beautiful objects described in tlie 1 
called animalcules, such us the Volsti,)' 
eto., «tc, 
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The Stand.— This should l^e firm Rod GubsUtitial, with tbe 
centra of gnivitj yerj low. Kothing detracts bo much from tli9 
performance of an objectiTeastreiDOTandTibraitioii.ajidAliuigQ 
majoritj of tlie microscopes in market are very slukj, from Ihs 
fact that they Are mode tall and showy in order to comma 
liigher price. It is well, therefore, to bear in mind tbtit si 
no criterion of the value of a microecope. Instriuuent makezs 
rery properly give tbe size of their inBtrruuentfi, aDdit generally 
liiippens that tbe lugest inntrumeute by tbe stiuie miLker beax 
tbe highest prices. Other things being oqiial, however, small, 
compact instnimenta are altogether to be preferred, 
years ago tbe rage was fur large, sbowy microscopes, « 
made a fine appearance in tbe office of tbe physician, and tha 
study of the naturalist. It was fouud, however, that in this 
cose cfHciency was sacrificed to show, and all our best a 
are now cutting down tbe sizes of tbeir iustmmeDtfi, nnil maUn g 
them steady, substantial, durable and easily operated. 

There is, of course, a limit to tbe extent to which stands n 
be reduced in siz6 without SacFi&cing tbeir e£Gciency, and bo 
makers aeem to forget tbla. There are stauda in market that 
are too small every way for anything but Bpecial olasses of 
work. The bodies are too small to secure effluieiicy in the ey9- 
pieoes and objectives; the stage is too small to allow of the t 
of slides of proper tiize, and there ia no room beneath the Bt«_ 
for the attachment of proper illuminating apparatus. All tbii 
ia aa inconvenient as the tbrce-feet-higb microscopes of the e 
of tbe last century. 

The weight of tbe stand is a subject concerning wliioh mu^ 
1 to differ io opinion. One writer goes so tar sa to say th( 

» atund weighing leas than fifteen pounds can be steady enoog 

^or tha performance of good work. It will be found, howevfli 

t AJudieiona distribution of the materiu!, and a proper o40 

"ttioii of tbo different parts, will more effectually resist Ih; 
l< (OlUKes of nnsteodineBB than any increase of abeolatt 
Of course, it it is merely desired to moke tl 

in tbe souse that an inkstand is steady — that i^ 

1 tipped ovet— ^«\g\\i is evorytbing. But 1 

moBt dil&c-aVt to tt? OT«MBTi,tA.\.\inBett#t 
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biuaII area of support ie beat; for the former a atand with a flnl 
base reatiDg over its whole Bnrtaoe on the table akonld be pre- 

a obviouB that tbe oanHea of nnatea^ness are either vibra- 
■oub tranamitted from the floor, or movements caused by the 
EL pbTforming the neceesaiy mauiptilationa and adjnsl- 
The first can never be stopped by weight, unleaa, 
, we make the stand so heavy that its weight will impart 
gidity to the table and &oor, and this would reqiiire a good 
leal more than fifteen pounds, or even twice that. For the 
Checking of vibrations transmitted from the floor, no device is 
better than the stand or table described in a snbsequent aeo- 
tion. So far OB movements transmitted by the hand are con- 
oerned, if a stand of three or four pounda irill not resist them, 
the observer sbould set himself about learning delicacy of 
movemelit before he proceeihi any further. 

All microscopes made in this country and in England are 

w constructed so that the body may be inclined to any angle, 

&nB giving tbe power of usiugthemicroHcopeinany pOBitioa 

f-vertical, inclined or horizontal. The importance of tliia is 

fllj seen when we consider that on the one hand, when liquids 

% to be examined, it is somotimea necessary, or at least desira- 

B the microscope in a vertical position, though this is 

Erery tii'csome and inconvenient position, and one that ia not 

ionlated to enable the observer to obtain tUe best possible te- 

n the other, it is equally necessary that the body of 

me microscope should be capable of assuming the horizon- 

^ position when the camera lucida is to be employed for 

king drawings, as will be hereafter explained. And yet 

Rey Bctnitlly gives the preference to microscopes that do not 

lud which must alwaya be nsed in a vertical poaitioni 

hie, of course, necessitates the comphcated and espensive ar- 

langement which he describes for adapting the oamera lucida to 

the vertical instrument, a singular instance of prejudice against 

■n obviona and successful improvement. 




Tbe Stage.— In every cose, a large, roomy al 
mportance. One great ob\e«U.oii to n 
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7S BCLemioN and vea 

Btromenta is that the Btogea are too amolL It aboulil also ba 
firm and substantial, bo that its position ia regard to the other 
parts of the stand oannot be varied by slight preasure,* The 
moat important points connected with the stage are the meana 
provided for holdiug and moving the object, and the faeilitiea 
afforded for uttoehing accesBory upparatus. 

In the most complete stands, the object is lieltl between 
slUling olipH, whieh form a sort of clamp that is capable of 
being moTod in two directions, at right angles to each other, 
by mechanical means, which generally consist of a screw for 
one direction and a rack and pinion for the other. This form, 
which is kuovn as the viecli'.inical stage, enables even a oom- 
paratively unskilled person to bring any part of the object into 
the desired position in the field of view, and this with the 
utmost precision. These mechanical stages may be said to be 
charaoteristio of the higher classes oE English miorosoopea, and 
B8 they are expensive, they are not generally used. Neither 
they absolutely necessary tor ordinary work with low or 
powers, for with any objeotive lower than one-twelfth 
o( ftn inch focus, the object can be moved by hand quite as 
readily as by the screws, and we hold it to be a well established 
role in all manipnlations connected with scientifia work, that 
whenever any operation can be performed satisfactorily by 
means of the hands alone, all special coutrivanoes should be 
dispensed with. For low and moderate powers, therefore, we 
prefer the plain stage, on which the object is moved by means 
of the hands alone. But when very high powers are used, and 
especially when delicate micrometrical or gontometrioal aiea»- 
urements are to be made, a well-made mechsnioalstagebeoomes 
a necessity. For while it is eaay enough to bring an object 
very near to a given point by means of the fingers alone, it is 
almost impossible to secure perfect accuracy. In the effort to 
attain this the mechanical stage is a great asBiatanoe, and 
therefore when Frey utt«B a wholesale condemnation of the 

*A.t the same time, however, It must bo bomc in miDcl that no itn^e 

■ tint WM made bo firm that otoq a silghl proBBure would not affect II. If, 

■ flierafore, Ihe reader 1b deteroiiDcd nut to rest cuateut with anjUiing | 
\ h^tlDf fti7ei:rec(/i/ rigid stage, be will ruject all tbe buBb microscopes in I 
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En^ish nsioroscopes, and asserts tliat tiiey are unpleBsantly 
loaded with what be ie pleaaed to call "Ecrswa and uuetisential 
appmtenanoes," it seems to us tbnt be uommitH a great error. 
These costly and oompleiL iiistriiments are intended for the 
highest class ol work, and the most powerful objectives; per- 
fection of the work to he done, and not aimpUoi^ in the meana 
by which it ie to be done, is the end sought, and this can bo 
' ittained only by the oomplei means employed. 

We have never fonnd any of the so-oalled lever stiigea that 
~ .Ued the requiiementa of the highest class of work, and, 
.erefore, if a mechanical sta^ is to be chosen at all, the best 
form should be prooared. 

A microscope fitted with a good mechanical stage leaves 
nothing to be deHired, but when other forme are used, it ie evi- 
dent that the chief points to be attained are these: 1. The 
object shonld be held steadily, but at the same time perfect 
freedom of motion should be allowed. 2. It shoold be possi' 
Lie to remove instantly from the surface of the stage, every* 
thing in the shape of clips and holders, so that a cleai field 
should be left for the adjustment of very large slides, plates, 
etc, or for the rotation of the object in relation to the light, 
8. Even the simplest forms of the stage should beso constructed 
that it may be possible to pass eae/y port of the object under 
tlie field of view, and this, without any risk of omittiiig even 
the smallest portion. This point is of special importanoe to 
physicians and naturalists. Thus, it not unfrequentlj happens 
that it is desirable to know whether or not oejtain forms are 
present in a given drop of liquid; nnless we can subject every 
part of that drop to microscopical examination, we cannot be 
sure that the forms we are looking for are absent. There is 
always a risk of omitting some portion of the slide, and conse- 
quently doubt most always hang over the exhaustiveness of all 
our exaroinations. The only certain means of avoiding all risk 
of missing any portion of a given sUde is to pass it across the 
field of view in successive parallel bands, just as a plowman 
plows a field. The process is clearly shown in the diagrams 
on the following page. Fig. 7 showing the mode in which the 
entire enrface is compls/ely covered with a series of parallel rib- 
boua, the breadth of eaoh of which is 
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lew, while Fig. 8 bIiows the hap-hazard way in which 
uoinatioiiB are nsoally macle, abundant room being left (aa 
Bhown by the small crosacs} for the escape of important fea- 
tare& Now, with ordinary clips, or even with the glass stage, 





Fig.*. 

it is impossible to effect this, and therefore we prefer those ' 
stagea in which a cross-bar moves over the plate in each a way 
that it is always parallel to the front edge of the stage. Snch 
a contrivanoe also affords facilities for using the Maltwood 
finder. 

In the simpler forma of the stage, the object is held la place 
by spring clips, which press it down, and under which it la 
moyed. These clips are frequently screwed to the stage, which I 
is a great mistake, as we are thus prevented from shppiog them I 
off, and leaving the stage entirely clear. They should always I 
be held by pins, which merely slip into holes in tbe stage. I 

The so-called gims stage has recently oome into Tery exten- 
MTe nse, and is Tery much liked by some. We believe it is 
now generally conceded that it was invented by Mr. Tilghman, 
of Philadelphia, who placed it in tbe hands of Mr. Zsntmayer i 
to be manufactured. In this country it is generally known as I 
the Zentmayer stage; in Europe it has been called the Nachet I 
stage. It has assumed a great variety of forms, some ot them ] 
ntdionlly different from the original one. Dr. Carpenter seems 
[ to prefer this form of stage to oil others. 

HiKVotving Stage.— It is often desirable to rotate an 

it in the optic axis of the microscope, either for the par- 

■f measuring angles or changing the direction of the 

jteyitn regard to the obieot. 'J&ciaina lot e^MAimf^ this 
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with perfect accuracy have been applied both to the mechanical 
stage and the glasa atage, though the latter is very freqaenOy 
90 conBtrncted that rotation is an impoasibilitj. Mr. Brown- 
ing's device for aecuriog rotation in tbo optic axis ha3 been 
already described. Another iagenioiis device for seouring 
coiacidenoe of the optic axis and the centre of rotation ia the 

»j»nterihg noBe-piece, by meana of which the objective is moved 
Jjo as to bring it exactly over the centre of the stage. 
• Stages tor Special Purposes.— Itmay bo safely asserted 
that there has never yet been conatrncted a stage which would 
suit the requirements of every worker with the microscope. 
Indeed, each investigator seems to require Bpecia,l modifications 
of his own. Thus, it will he found that the ordinnry stage, 
with all its appurtenances, is too thick to admit the use of that 
very oblique illumination which, is required by the worker on 
diatoma.while if the stage be made thin enough it* loses the 
necessary rigidity. Some makers have sought to obviate this 
by Bupplying two stages— a attrat one for common work, and a 
thin one fur diatoms. A microscope now in our possession is 
fnmiabed with an extra thin stage, which, by a very simple 
and ingenious device, can be instantly substituted for the heavy 
one. The microscope is said to have been made by Spencer or 
Tolles, and muat be over tnenty years old. A thin stage on the 
same principle, and culled by the maker a Dinloin Stage, has 
been recently brought out by Mr. Zentmayer. 

The same object is also attained by means of the secondajy 
stage, invented by Hr. Lewis Butherfurd. This is simply a 
skeleton stage, wbiuU is placed on the ordinary stage, and is 
raised so far above it that the illumination may be applied 
between them. Bays of great obliquity may thus be passed 
tlirough the object. Butherfurd'a skeleton stage forms also an 
adntinible sn/ely stage, since the object, being held against the 
under tide of the skeleton stage, yields to the slightest pressure 
of (he objective, Mr. Spencer has also taken advontaf 
rintuple, and so formed the under aide of the atage ii 
I slQuds, that the object may be pri'saed against 
Lis, which for this purpose are pushed throuftla ttou 
In focussing, the o\iie<Awe to v**'*^ ""^"^ 
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stage if neceeaar;. Great obliquity, and perfect aafet; Aguiut 
breakage of the object bj pieBBure of the ubjectiTO, are secured. 
Wiien the microacopiBt ia using valuable Hliilee, costing from 
fiftj to two Luudred dollars, tUe latter feature is one of great 
importmice. 

Sub-StaKc— The Bub-atage is a devioa for holding and 

adjusting illnmiuatiug apparatnii beneath the stage. It should 
be moved by rack work, so that paraboloids, achromatio con- 
densers, etc, juay be brought accurately into focus, and it 
should alao have adjuatmuutB for accurately oentsring these 
yarioas pieces of appiiratus. We regard the snb-etage as one of 
the moat important parts of the stand. 

Tlie Mirror.— In microscopes of modern constrnction. the 
mirror is made ot glass, coated with pure Bilver, (ordinai-y mir- 
rora are coatod with an amalgam of mercury and tin) and the 
best instTuments are provided with two mirrors, one plane and 
the other concave. In both mirrora the Burfoues of the glass 
should be accurately ground and polished. Blown gloss will 
uot answer. The plane mirror refiecta the light just as it falls 
on it, while the coucave one causes parallel mjs (such as those 
from the aun) to converge and meet at a point, and renden 
divergent rays (such as those from n lamp) either less 
divergent, parallel, or convergent, aa the eiise may be. 
The concave mirror should be large, but the plane mirror is as 
efficient when small as when large. Where but one mirror b 
provided, the concave is the one usually selected. 

In English and American micro8copea of even the cheapest 
conatniction, the mirror is so arranged that it may be made to 
send B beam of light through the object verf obliquely. This 
is absolntely necessary for some purposes, but not for the ei- 
. omination of ordinary objects. The ability to use olJique lir/ht, 
ib is called, is, however, a great advantage. It not only 
to resolve lined objects, hut to secure important 
|ill the illumination of common objects. A very fait 
1 illnminLLtion may also be secured by placing the 
ch an oblique position that none of the light out 
^glaes directly. 




The Body. — The only point connectpd witli the body of the 
microscopn whioh reqiiiruR uuUBiileratioii is its size, and this 
tnnst of necessity Tory ea muoh according to the purposes to 
wliioh the microKOOpe is to be applied, that no rule can be 
laid down. Pocket microscopes are of necessity small; micro- 
scopes intended to give very great magnifying power must be 
large, A standaid size is seven to eight inches in length. The 
diameter is not of very great importance in bodies of moder- 
ate lengUi, but Beale says that in his long tubes, intended to 
produce great magnifying power, a diameter of two to two-and- 
B-half inches was found to beabsolutelyneoessot^. Aninohand 
an eighth is a good size for ordinary instruments, Biuce a very 
longhody is inconvenient when the microscope is used in a ver- 
tical position, the best instruments are furnished with a 

Draw Tube, whereby, the length of the body may be 
varied at pleasure. As explained in a former paragraph, (page 
15,} when the distance between tlie eye-piece and the object- 
glasfl ie iacrea^Qd, the magiufyiug poirer is increneed also. 
The draw tube, therefore, gives na the means of varying and 
adjusting the magnifying power of the microscope, and this is 
sometimes of great use. Thus, suppose it were required to 
draw an object to a scale maguiflod exactly one hundred diame- 
ters; it might be impossible to procure an eye-piece and an 
objective that, with a fised length of body, would give oinctly 
this amplification, but when we are able to vary the magnify- 
ing power by changing the length of the body, it is easy to get 
at it exactly. This, however, is but one of many advantages 
aftbrded by the draw-tube. If the objective be good, and the 
eye-pieoe not very high, an easy and very satisfactory way to 
increase the magnifying power of the microscope is to lengthen 
the body by means of an additional tube. Dr. Bcals, who has 
been a most successful worker with liigh magnifying powers, 
tells ns that in practice he has found this plan at much more 
ttdvautogeous than the use of a deep eye-piece, that he never 
nsea the latter. In some cases he has extendei* -th of 

the tube to two feet with good results. Wo 1 V 

adopted this method, and where brass tubiug <M 
we have used smooth writing paper, and a 1 
^■Bry good effect. 
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The inside of all draw-tubea and bodies ehonid be well 
blackened. 'Wben brigbt or white the g-lare greatly injnrefl the 
defining power. When draw-tubes are bo arranged that they 
rub against tbe ineide of the tube torming the body, they in- 
variably muke the latter bright by friction. They ahoald, 
therefore, always slide in a. collar. It is always well to hare the 
lower end of the draw-tnbe furnished with the Society screw, aa 
if this means it is sometimes possible to use objectives of 
■raater working dietanee than could otherwise be employed. 

Adjastmeuts for Pacusfting.— In the cheaper forms of 
tiie microscope the adjustment is made directly by band, one 
tnbe sliding within another. In a, better class of iastruiiienta 
the objective is brought nearly into position by sliding the 
body through an outer tube, and then the final adjustment is 
made by means of ii screw or other mechanical means. But in 
all the beet microscopes, the coarse uljiistment, as it is called, 
la made by means of a rack and piuion, while the fine adjast- 
lent IB made in tlie manner just mentioned. Imts&d of a rack 
1 pinion, a chain is sometimes employed, and the coarse 
djnatment ia also made in some cases by screws of veiy wide 
* , and similar devioea. Nothing, however, can equal a 
lootbly cutand well-lltted rack and pinion. It ia sometimes 
leged that the chain is more delicate, bnt this ia not so. We 
our pofiseasion a cheap, but well made microacope, 
a rack and pinion of which is so delicate, that with it we can 
n objective of an eighth of an inch focal distance with 
oient accuracy for all ordinary purposes. 
a ordinary purposes, especially the work of the physician 
ud medical stadent, the coarse adjustment may be more easily 
aed with than the fine one, bnt at the same time it most 
jiBTemembered that any mode of adjustment in which the body 
pliable to turn ronnd, ia incompatible with the use of many 
tnt pieces of apparatua. Thus, for example, any turn- 
P of the body interferes with the nse of the double noee- 
), the poloriscope in its higher applicatiooH, Prof. Smith's 
igue illuminator, etc. A rack and pinion, or its equivaleut, 
aid, therefore, alwaya be cboaeu, eB'pec^i.W-j b« it does not 
B than five or six doUara \jf) "Caa ooiA. ot ftw "M>tia\i.iMiBiL. 



^^B Of devioee for flne moyemeDla the name is legion. An old 
^^^plan ifl to placi) the object upon a plate attiuthed to the stage, 
and move it towards the objective hj meaoa of b. fine sarew. 
Thia is b, oheap and convenient method. la general, however, 
it is objectionable to have the object move, aa it interferes with 
manj of tlie finer methods of illumination, etc. A very oom- 
mon plau is to make the nose-piece, which holds the objectiye, 
movable. The only objection to this device is thatitintrodooes 
a change in the length oF the bod;, and, oonsequentl;, a alight 
change in the magnifjiog power, cverj time a change is made 
in the focal adjustment. This change ia too alight to be ob- 
servable, but is snfBcient to inteifere with delicate micru- 
metrio measurements.'* 

To avoid thia difliciiltj, variona devices have been intro- 
dnced. The most common arrangement is a very old one, in 
which the entire body, including the iLrm and coarse move- 
ment, is carried bj the fine adjustment. In its general features 
this plan is vwy old, aud lis.a at djffert^ut timeH been adapted by 
Omnow, McAllister, Qeorge WaTe, Zentmayer and others. One 
of the best, however, is a recent inveution by Mr. Giindlach, in 
which the body ia buDg on two parallel apringa, and moved by 
a fine screw. This plan, although theoretically defective, is 
practically perfect. The other method, jnat mentioned, 
although theoretically perfect, is, in practice, rarely as good as 
the Qnndlach device — a curious, but not un unusual state of 
tilings in mechanics. 

In judging of the goodness of either a fine or coarse adjust- 
ment, the points to be observed are the delicacy and accuracy 
with which the objective may be moved to and from the stage, 
and the freedom from twiat or apparent displacement of the 
object In many microscopea, when a high power is used, and 
the body ia moved for the pnrpose of adjusting the focus, the 

'It bM been alle^d that tbit iaaica^ or daureMO of mBgnirying power 
!■ more kpparent wltb Iba LigUer powers than with tlie ' 'vnra. 

iDdMd, it h&B been snid that vith Jiigb poweis tbe cbaugl 
powar i* quite perceptible. Tbia, of coarae, JB more imai 
one of in tritlinieticil tiun of n^d ciwa eoe. \idn«^ , 
^^aeeiD to be nther tbe otbor wi.;. 
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object is aetoailf tlirowu out of tlte field of view. Snoli n 
microscope sliould be at oaao condemned. 

It IH a coiumoit fault -nitli tnatruments in vhicU the coane 
adjuBtment ia tnude li; lack and pinion, tbat tlie bod; camlot 
lie raised bigh euougb to admit the use of low power objec- 
tives. Tbis defeat ehouUI be avoided. Avoid, also, all inetru- 
menta in which the coursa adjustment is made li; moving the 
alage hj meana of a rack and pioion. 

Tbe DiapliraEin.— Nothing tends so much to obacure our 

viev of the finer points of structure in an; object as to have 
them "drowned" in a enperabnndanoe of light, eonseqaentl; 
ill order to regulate tbe amount of b*ght wLicli passes tbrougli 
the object, a diaphragm is emplojed. As ordinarily oon- 
stiuoted, it is simpl; a metal plate placed below the stage, And 
pierced with holes of various sizes, which muj be brought ex- 
actly under tbe field of view, the smull boles allowing but a 
smull amount of light to pass, while the large ones admit a full 
stream. Considerable diiferenoe of opinion exists amongst 
mioroecopisis in regard to the proper position of tbe dia- 
phragm. Thus Carpenter sajs (iwige 133) that unless placed 
half an inch below the object it ia cumparativel; iuoperatiye. 
Continental histologists, on the other bund, allege that it is ~ 
useless unless placed close op under the object. Microsoopee 
constructed according to both these plans are to be found in 
market. Where tlie microacope is furnished with a sub-stage, 
the distance of the diaphragm from the object ia variable at will. 
It is obviooB that when the diaphragm is phiced at a consid- 
erable distance below the object, the illumination is purified, 
as it weri', from all cross raja. When the diaphragm is placed 
close to tbe object-alide, the Uluminated ileid of view is cou- 
Iractod. The action in this case, however, ia somewhat cum- 
iplex, owing to the action of the slide ia modifying the coui'sa 
)f the rays. 

Feral very ingenious forms of Iris or graduating dia- 

have been devised, by vrhich the size of tbe hole may 

' without interrupting the observation. They are 

convenient, and ■prewi'nV. sA^wA^Bia ■^'awAi tuore 
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ObjectlTes.— Tbcse are confesseiUy tlie most importaat 
parts connected with the microaoope; they therefore deserve 
the greateat care in their aeiection. In a former section, we 
fully eiplained the general ohiuraoteristicB of the different 
'kindH of objectivea in market, and detailed the best methods of 
i>f testing them. A careful study of that chapter will, we hope, 
enable the beginner to avoid a glass that is absolutely bad, 
though we must acknowledge that all experienced microsoopistB 
are agreed that no amount of mere reading will enable a 
novioe to prououiiue a correct judgment npoQ the quality of an 
objective, unless its defects should be very glaring indeed. In 
place we shall confine ourselves to a few hints in re- 
^ird to those features which adapt objectives not only to 
;ia1 kinds of work, but to the skill of different closaes of 

irkers. For it ia an undoubted fact that objectives which in 

le hands of skillful microsoopists, and on certain classes of 
irork, would give extraordinary results, would in other hands, 
and for other purposes, prove of far leas value than lenses of 
what is commonly considered a greatly inferior grade. 

We do not here propose to take part in what is called the 
"battle of the object-glasses," such a discussion being out of 
place in an elementary work like the present, bat we think few 
will be hardy enough to deny that one who has a taste for such 
things, but has neither the money required to purchase a first 
class glass, nor the time neoessary to aoquire the requisite skill 
to use it, had better work with a cheap French triplet than not 
work at alL Moreover, it is astonishing how far patienoe, skill 
and eiperience will go to make up for a deficient instrument, 
while at the same time, it is unfortunately true that some who 
poBseea the very best glasses, and have done thu most to 
throw ridicule upon all work done with inferior lenses, have 
never mode a single contribution of the slightest importance 
to any department of microscopical science. 

In a former chapter we discussed at length the difisrent 
qoatities ot object-glasses, and showed how these various quali- 
tiea might exist in very different degrees in different ob- 
jeolivea. It is, ot course, obvious that the "" 

which any one quality should bo BO\i.ft\A ■ 
£livrr must depend aLtogelliei n^n. t\iQ V\^ 




to be done. To those who are addicted to what Holioes oaHa 
"fighting objectives," re«olutioii will be the quality to be 
desired; others will prefer peBetration, flatness of field, eite. 
In oar estimation, for tbeparpoees of ordinary Bcieatifio work, 
we would assign to those qualities valnea in the following 
order: 1. Defining power; 2. Freedom from aberration of 
form; 3-4. Besolution or Penetration; 5. Working distance; 
6. Achromatism; T- Flatness of field. The first quality that should 
besecnred in every lens is nsdoubtedly defining power, and this 
whether its angular aperture be high or low. Achromatism we 
place low in the scale, because unless eo marked as to interfere 
with the defining power, it does no harm. Flatness of field we 
place last, because it will be found that perfect flatness of field 
is rery seldom combined with first rate definition. Indeed, «a 
b&ve heard one of- the most celebrated makers of objectivea 
assert that the tiio qualities are to a certain extent antagomslic. 
In giving advice in regard to the selection of an objeetiTe, 
one of the points concerning wliich it in most difficult to arriva 
at A. decisiou, is that oE angular aperture. Fortunately, how6y^ 
experienoed microsaopists may s^kfely be left to decide this qnes- 
tion for themselves, and since those if ho have had tto experience 
wjllfinditdifficulttouHeobjectivesot very wideapertnre, itwill I 
oertainly be prndent for them to choose those of moderate Bngl& 
Objectives of very high angle are worthless, unless the illominv 
tion is well managed, and the adjuatmeiit for thickness of cover 
properly regulated. Outhe other hand, a good non-adjnrting 
lens will give very fair results, with but a moderate amount of 
skill on the part of the user. Almost all our best makers now 
prodnae objectives of moderate angle, which do not adjust tor 
thickness of cover, but which have considerable resolnn^ 
i power. We have now before us a one-fifth which costs but fif- 
n dollars, and whioh will easily resolve the P^euj'osi^m>^ An- 
H by central light. An important pointfor consideration 
, be, whether or not the glass is intanded foi 
lyiwork, or merely for the study or examination of well 
its. The work of the physioi.au is chiefly amongst 
n objects, ttud may be very satis fuel urily accomplished 
t gtiod non-adjusting ob^coU'^es, e. great point in 
s \ieing tiint SfOi'a. om.^ \>e &cn«i Ti\'Ca 'Caei% 




more rapidly than with glassei) that require greater care and 
akiU. The same is true of the elBmentarj Btudiee of the bot- 
anist aad histologist, carried on nnder the gnidanoe of a com- 
petent teacher. And as in all such cases it is easy to find ont 
the special thickness of glass for which the object-glBSS has 
been corrected, and to providea supply of the proper thickness, 
the absence of a meana of fldjuHtment for cover thickness is not 
very important. But for all the higher class of studies, good 
glasses, with well-made adjuetncnts f<ir thickness of cover, are 
indispensable.* 

Objeotives of very low angular aperture, are, however, to be 
equally avoided. There is a want of light, and an indistinct- 
ness whicli renders them worthless. It is generally said that 
the superiority of large angles is most marked in the objeotives 
of high power, and that for low powers the common objeotiTes 
do very well. In our judgment, however, the superiority of 
the low powers is qctite as marked as that of the higher ones, 
and much more available to the begiouer. It is true that the 
superiority of a well made one-sixth of high angle, over any 
triplet of whatever focal length, is immeasurable, but at the 
same time it is equally true that the view of an opaque object 
seen through an inch-aod'a-half objective, carefully corrected, is 
as much snperior to the same as seen through a common triplet, 
as it is possible to imagine. We have now before us a speci- 
men of bone of very open structure, mounted as an opaque 
object. Seen through a first class inch-and-a-half objective, it 
presents almost a stereoscopic appearance, and the entire struc- 
tnre is easily made out. The view afforded by a very fair French 
triplet (No. 0) is so markedly inferior, that any person who 
ahould see the two would never again use a cheap objective, if 
he could afford to get a good one. Moreover, the objection 
which we have just urged against objeativea of high power, and 

*It 1« not long since a proteBBioDBl makar oF mintiscopOB, ftad odd trho 
■ecmu to Btrud highin tbe t&TOr ot the mudic&l pTofeasion, triod to per- 
■n&de the autlior that the coyermg-glaBS eicrciaed no inflnebce oa tlio 
KOtlaD of the objective, and tbut a non-ad jnsting elaap ide 

with as great areiolviDg power, M one oonalruoted w) i 
different tbickneBBee of covering g1>B« I To such men, k 
BOOi^itnied to apply Ibe tarm " BboptiDlt.Dft," uu^'Ciiei ^ 
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w* ..wjtruutTf* -^ • --^^ ii-ai ij-*i * >''^ :f A ^Ti-Tics ;f iz. ini 
u»A*,ixii^i jic zLiOt 1., 1. *"7^' " 1 ■*^^-*-* * j=c* :■! lij pow 
.•M.vL ..«i -iwir "U- L. li i :1.^ zr.«i:iii :t :' .* .c-n^;^ v-utL 

« '*-■ '^it-i-'-L Xj:ir% -•rrf-ri:": •"• «-" iLc ^^ i."->* l-rZj-rf of Li^fa 

•r ; rT 4 r7T* 7iz^ p.T^r cf :li ::-r:<ii"T :f sL^ner foci 

^« -wMwiijjix ]i«r«= 2r»=ila y,ii.i *i.i itTi.ci, r-ii': ii Las be 

.^%**A**. ::i ynnj^ 5e iLas f ',r ^T^rrilii-r -rx.^pi res-: liiioii. tLe lio 

*> -VAiica -aiie z*.^^ fji r^\,\rc^r^ hjj l-r CArrl-r.L is Iai beTo: 

. .ou£fcii. J:c reaolirloi.':: L*.-- ttc bd.cvr, !.-5<ra fo.indtliai 

•%^ ixuMlti ^E^iL is cap^'/.'s of dci:.g ai. Tiling tlii &zy lens c 

-o, .o« xiciier kiadii of work £ixv:«ci.iL5 a-d iwciiiT-dftka, a 

*<M^ :itt2w«hfl azkd eightietka L&Te h-teu deoLiXcd to possi 

wVM*«i^{ws thAt are obvioua. TLia, LoTrever, is one of the 

^•uii»U(K>ii vhicli authorities differ; Beale, for example, fav< 

uii^ puwifcs; Carpenter and Frey seem inclined to think tl 

«iis]^ ^u^ powers show nothing that cannot be seen by men 

'^.^?**^^^ ®' greater focal length. 

ofajecstives of the numbers 1, 2, 3 and 4, if oaief a 

K^ ace capable of doing really serviceable work. A i 

"""^ aome of the best known makers of American mic 

''othing else, even in microscopes costing $150, 1 

\ji scarcely regard as judicious, for whene 

a ptenaxeA. to ei.\«\A %1^ or more for a mi< 
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Boope, a large part of tliia Hum eliould be laid out in tlie por- 
abaae of objectives of the better class, the oae-incL and one- 
fotirth, or the three- fourths and one-fifth being those that are 
usually selected by beginners. 

French triplets are, however, going rapidly out of use, from 
the fortunate circiunstouce that objectives of low price and 
eioellent quality are now produced by several makers of repute. 
It is well, however, for the reader to be on Lis guard against 
a fraud which has been but too common of late years. Some 
Bo-called opticians go ao far as to add a little brass-work aad 
engraving, and sell these French triplets as objectives of Ameri- 
can moke. Wodonothere refer to the more operation o[ attach- 
ing the objective to an adapter, and fitting it in a brass box, tor 
this adds greatly to the couvenience with fvhich such minute 
objectives may be handled and preserved, but to a sort of 
"making over," by which they are completely disguised and 
ia:ide to resemble the objectives of English and American 
makera, It is hardly necessary to characterize such a, pro- 
oeeding. 

Eye-Pieces.— The eye-piece that is at present almost nni- 

srsally nsed is the Huyghenian, which, when well mode, gives 
very eicellent results. In the use of low powers, wheie a veiy 
flat and large field is desirable, the Huyghenian eye-piece tails, 
and the same is also true in regard to very high magnifying 
powers, where the enlargement is obtained in a great measure 
by means of the eye-piece. The extent to which the definition 
of really good objectives is deteriorated by the use of eye-pieces 
of great magnifying power, and the loss of light which they 
occasion, render them practically naeless. For high powers, 
the solid eye-pieces of Mr. ToUes are vastly superior, while for 
low powers, where a large flat field is desired, Kelner's ortho' 
Bcopic eye- piece presents important advantages. 

Mr. Gundlach has recently brought out a new eye-piece, 
which he has named the periscopic, and for which a large field 
and excellent definition are claimed. They are much more ex- 
pensive than the Huyghenian, We have not had an r"-"'- 
tonity of examining them carefully. 

In determining the quality o! tin ejct-v^ecAi uMjs^^t^ 
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paid not only to its general excellence, but to its adaptability 
to the objectives that are to be used with it. In the higher 
departments of microscopy, the latter is a most important point, 
but one which is too frequently neglected. It does not, how- 
ever, come within the scope assigned to the present work, and 
we, therefore, content ourselves with a few general hints. 

The lenses composing the eye-piece, should be of homogeneons 
glass — that is, free from air-bubbles, specks and strise, and the 
surfaces should be well polished. These points require atten- 
tion, because we have in our possession a microscope in which — 
though it cost enough money to be free from such defects — 
they are glaringly apparent. On looking through the eye- 
piece at a strongly and evenly illuminated surface, the entire 
field of view — that is, the whole of the bright circle that is 
seen, should have the light evenly diffused over its surface, 
and the edges or border of this circle should be sharp and 
black. 

Eye-pieces intended for first-class objectives should give a 
large field of view; but on the other hand, if French objectives 
be used, the field of view should be small, otherwise the defi- 
nition will be poor. This is a point that is frequently over- 
looked, and we have seen very fair object-glasses condemned 
as worthless when used with a stand and eye-piece intended 
for objectives of an entirely different class. It is an easy thing 
to contract the field of view, by means of a round piece of thin 
sheet metal, having a hole of proper size in the centre. As pre- 
viously explained, such a piece of metal is called a diaphragm, 
and should always be well blackened. 

The magnifying power of every microscope depends upon 
three things: The focal length of the objective, the length of 
the body, and the eye-piece. Most microscopes are, therefore, 
furnished with several eye-pieces, whereby the magnifying 
power may be varied. There is, however, a limit to the extent 
to which this may be done. The image obtained by very deep 
eye-pieces, as they are called, is rarely satisfactory. 

The different eye-pieces are generally denoted by letters — ^A, 
B, C, D, etc. A being the lowest, and B, C, D, etc., successively 
higher. Some makers use numbers — 1, 2, 3, 4, etc. These 
letters and number, are, however, entirely arbitary, in this point 
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resembling iba numbers asHigned to objectives by oontinental 
makers. A gi'eat improvement upon tliia arbitrary and TUioer- 
toin sjHtem would be to aaaign to eaeb eje-pieoe its proper 
power expressed iu inolies, TbuB, an Bje-pieoe magnifying the 
xame as a simple Icna of two incbes focus, sbould be coiled the 
two-inch eye-piece. 

And bereletua call attention to the terms deep and shallow, as 
applied to eye-pieoes. ByullauthorB of repute, a deep eye- piece 
ia one of great miignifjing power, whileasballow eye-piece ib the 
reverse. 8ee the Micrographio Dictionary, and the works of Car- 
penter, Beule, Lardner, Frey, etc., eto. It ia, therefore, singu- 
lur that Dr. Lankeater, in hia popular little work, ' ' Halt- Hours 
with the Microacope," should have committed the mistake of 
giving deKnitions exactly the opposite, upon the grotmd 
that eye-pieces of great magnifying power are always short, 
while low eye-pieces are always long. It is evident, however, 
that the terms are liable to give rise to confusion, and we pre- 
fer the words high and low — the meaning of which ia bo ob- 
vious aa to require nO explasatiob, aa evety bildy knoWB what 
high magaifyiag power is 

While clearness of de6nition and readying power are the 
moat important qualities of every good micTOBcope, magnifying 
power ia also of considerable cunsequence, as explained in a 
former section. Therefore, every good microscope should he 
provided with at least one eye-piece at considerable power. It 
often happens that with the objectivea and eye-piecea at hand, 
the amphflcation, as it is called, or, in other words, the esteat to 
which the object is magnified, is not suffioiently great to enable 
us to make out its structure, w^hile the objective has not by 
any means reached the limit of its defining power. In this 
case a high power eye-piece, which costs com]mr8tively little, 
■will greatly extend our power of Buccessful examination. 
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Every microscope should be accompanied with certain pieces 
of accessory apparatus, which are necessary for the convenient 
and thorongh examination of objects, but which do not form 
paxt of the iustniment itself. Some of these are inW 
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w(!l) a>»<le tLe foroepe may be, it is 
timimt im|)OMible to slide, with snf- 
fldifnit 'li'liciic;, the rod tLroogh the 
tii)w tliiit li'ilda it CoDBequentl;, 
it ia niomitliugly difflcnlt to bring 
llittj tti« fto\i ol -^uTK , «ia exact part 
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To avoid this difficulty, the antb or, instead of iusert- 
ing tliG pill of the forceps in tlio stage, providea a ept^ciiil for- 
ceps-cuTFier liko that shown in Fig i. This cousiBte simply of 
a metal plate, the Bize of au ordiunrj elide, and having a hole iD 
one end to receive the pin of the forccpe. A large hole is 
pierced through the centre, to allow the passage of light from 
the mirror when that is needed. This plate is plaeed on the 
stage like a, common slide, and it can be moved with as great 
delicacy as any ordinary object. The mode of using it is too 
obviona to require further explanation. We have found it ex- 
ceedingly convenient. 

Objccl-Holder.— The importance of being able to present 
an object to the light in iJl directions is well-known to every 
microscopist. Many years ngo we devised an object-holder for 
effecting this, the construction of whioh is very simple and in- 
expensive. It consiBts of a slip of metal, the size of an or- 
dinaJy slide — three inohes by one— having a hole in the centre 




Fig. 5. — OBJKn-HoiJJEB. 

and a short pillar rising from one end, as sliown in the en- 
graving, Fig. 5, which gives a eectiona! elevation of the 
instrument. Through this pillar runs a wire, carrying at one 
cud B. milled head by which it may be turned, and at the other 
a ring which holds a perforated block. This perforated block 
has a milled collar on the lower end, bo that it con be readily 
turned in the ring that carries it. The hole passing through 
the block is jnst the size of a stout pin, so that a disk of cord 
or leather, with a pin through it, will be held steadily when 
the pin is inserted in the hole. The object to be examined is 
nttnohed to the surface of the card, by means of balsam or mu- 
cilage, wid it is obvious that by the combined 1 ' it 
may be produced by the two milled headtt 
be exposed to the actios of the light in tuiy deaiit 



The changee which ate produced in aome objects irken th( 
light is mnde to fnll on then in different directions 
mnrked. Thns, for example, the mineral known om gpecular 
iron ore, when illuminated by light falling on it in one direo- 
lion, ia brilliant in the extreme, while when the light falls in 
other direotioiiB it is dead and hiBtreleas, And as it is not 
always convenient to change the position of the lamp, it is a 
great advantage to be able to tarn the object round. The sim- 
ple oontrivanoe just described enables ns to do tb is perfectly, 

A more perfect arrangement, intended for the same pnrpose, 
baa been devised bj Mr. Beck, of London. Mr. Beok'a i^ 
however, more eipensive than ours. 

Plain Slides.— The common plain slides serve vra7««U 
for examining ordinary deposibs in liquids. This is particii- 
larly the case where inonimate objects, vegetables nod minerals 
are to be examined. Active animals require some conbriTanoe 
for keeping them still. 

The Concave Slide, lu it is called, is simply a thick 

slide with a cup-hke hollow ground in the centre. Such slides 
are cheap, and very ooavenient. A drop of water placed in one 
of these concaves, and covered with a thin glass, may be esarn^ 
ined easily and thoroughly with moderate power. It is 
sometimes deeirablQ to employ a cell with a perfectly flat bot- 
tom of very thin glass. Such cells may bo easily and conTe- 
nicntly made out of a slide of metal, or preferably of vuloanite, 
through which a hole the size of the proposed cell has been 
pierced, A piece of thin glass may then be cemented to the 
undi^r side of the slide, bo as to form a water-tight cup. The 
hole in our slides is round, and baa, on the under side, a seat 
I or rebate, a little larger than the hole itself. In this rebate a 
L ronnd glass cover fits, so as to leave the under side of the elide 
k pettcotly smooth. Such cells are very convenient, as they are 
laily cleaned, and sre not difficult (o repair when the tbin 
KigtAa gets broken. The liquid is also easily covered by means 
tliin glass cover, and when full, considetahle inclination 

n to the slide before the liquid shows a tendency la 1 

ariouB other devices of u Eimple kind may be con- ] 

rtfOT similar purposes, ~ 
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Watch- Glasses.— Dr. Beole racommenila small flat watcli- 

glusees for holding liquids that ore to be examined, and wc 

liave found them tbtj excellent. The best kind tor this por- 

L poso are those known as limelle gUianes, which ure neiirlj flat on 

^Efhe bottom. Thef are awkward things to manipulate, bow- 

^E«ver, nolens some means is provided for Itoldiug them steady, 

^E^d moving tbem about on the stage Wo use for this purpose 

^Bdt strip of wood, three uichea long and so wide that we can 

^HgiiBil; bore in it a bole nbout one eigbtli of an inch less in 

^Rdiameter than tbe watch glass of wbtth the Bmallest size shonld 

te chosen. Tlie thit-kneas of the strip should be sach that 

when laid on any flat Burface the wattL gUi';s will not oome in 

contact with it. Glaasea held m this way are very convaaiont. 

^^Pfttch-Blasses are very convenient fur examining a "dip" from 

^^^pond or stream, but tor this purpose . tliej require a holder. 

The little instrument shown in the cnt is forn tjieces 

of bright tin, which are hinged together. I; ".c 

)s pat » liola jnst large enough to leceiv^ » f 
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of metal or proper height Burrounds this hole, and fonns 
petfect protection to the glaas when the instrament is carried 
ID the pocket. The loner slip of tin mttj be adjnated to any 
angle, and b; tnroi&g towarda the proper direction, Uie ligU 
of any bright cloud Toay be reflected np through the liqaidj 
AH the joints ate made etiff enough to remain in position wheq 
once adjusted. A watch-glasa arranged in this manner holds 
liberal supply of liquid, so that an entire "dip" omj b^ 
readily examined at onoe. We have found this little contriTanoq 
tar superior to more expensive arrangement. It packs iulQ 
small compass, and is safely carried. ] 

Animalcule Cage.— This forms a very excellent means 

for holding animalcules that are too active to allow of observa- _, 
A good idea of ita oon- 
strnotion may be ob- 
tained from the en- 
graving, where it will 
be seec to consiBt of & ' 
plate of metal, three 
bj one inches, to the 
centre of which is 
fixed a short tnbe. In 
the npper end of this tube is fastened a beveled piece of gloss, 
and a second tube fits over the first, and has a thin gloas cover 
secured in its upper end. Tfae animalcule is securely held 
between the two pieces of gloss, and the lower glaas being 
beveled on the edge, a drop of liquid placed on it is held bft- 
tweea the two glasses by capillary attraction, and cannot spreail 
oyer the inside of the cage. This point is generally neglected 
in the cheaper forms of the cage, in which the lower glass 
is simply a plain dieo burnished into the upper end of thS' 
inner tnbe. The cossequence is that when the two glasses are 
brought together the liquid flows over the entire inside of ths 
cage, and the objects are liable to be floated out and lost. 

'mportant that the distance of tl>e two glosses from each 

nld be easily and accurately regulated, the outer tube 

IB slit, so OB to make it spiin^ . lu this way it may be 

a with a aotl and ecj.''w*>^« o^^'^'"^- 






Tlie Zoopliyte TroiiBh. -This little piece of apimrntua 

is almost indisi)ens»ble to those wlio desire to watch the growth 

and development of the larger nnimalculea and small aquntio 
plants. Several forma are in 
common use, the most com- 
plete beiug that shown in Fig. 
13. The trougU itself is aim- 
lily a gloss tank, to which is 
fitted a slip of thin plate glasa 
that acta as a division, and 
enables the observer to keep 
the objects close up to the 
front plate. The distanoe of 
the dividing plate from the 
front plate is regulated bj an 
ivory wedge, and the dividing 
■•plftte is kept firmly up to its place by means of a spring. This 
^ oontrivance enables ns to regulate the thickness or width of the 

tank, so that the interior of the Teasel may be made so large 

that it can be easily cleaned. 

A smaller and simpler form of the Zoophyte trough 

ia showu in Fig. 14 It consists of a simple glass box, 

open at the top. The hack 

of the box is formed of a 

afontish piece of pkte glass, 

to which is cemented three 

glass strips, forming tho 

bottom and ends. The front 

is formed of glasa as thin as 

is compatible with durabil- 
ity, and is also cemented to 

the end pieces. The width 

of the trough from front to 

back ifl generally from an eighth to a quarter of an inch. Whi 

Qia trough is filled with water, and living animals are placed 

it, their changes and movements may bo very rew" " 
Small troughs, such as that just described, at 

to make, though the very low price at which, t^ 

centH to$1.00) renders it BCMceVj ■wot^Xx \Vft 




'HTTB TBOUOE, 



'tohed. 



I 



100 SELBCnoH AND I 

microBcopistB to constmct them fnr tliemselves. Where Qub 
desirable, huvever, the beat method of making them is i 
followe: Select a piece of plate glass, of the thiakoeBS of on 
ordinary elido, and cat it abont three incheH bj one and a quar- 
ter. Then select another piece of glass, as tbiok as the tron^ 
is to be deep (from frout to back), and cut it to the size ol tha 
ontside of the troagh. From the bottom of this piece of glaaa 
cut a. strip a quarter of an inch vide, and from the sides out 
also stri^ia of the same width. The centre piece taay now be 
thrown aside, and the ends of the side strips will make a tight 
joint with the bottom strip. The three strips sUoold then be 
cemented to the large plate, and over them shonld be cemented 
a piece of the thin glass nacd for covers. The strongest cement 
is marine glue, but we are told by Prof, Starr, who is well 
kuowu for his success in keeping and exhibiting living micro- 
scopic objects, that marine glne is vcty apt to destroj' ani- 
mal life. He, therefore, ubob old Canada balsitm, and we have 
seen a large variety of minute forma of animal and vegetable 
life which had been kept for months iu a healthy oonditioti in 
Bach troughs or cages. 

CompreKKoriuiii.— In the examination of certain objeota, 
it is frequently necessary to flalt«n, and even to crush IJiem, 
in order to render their etractitre visible. This is best acoom- 
plished by means of a well-made comprefcsorinm, of which 
there are eeveral different kinila in use. The ordinary oom- 
pressorium consists of a metal p1»te, iu the centre of which is 
fixed tlie disc of glass upon which tJie object is laid. A second 
disc, fastened in a ring which ia hnng at the end of a lever, by 
means of two pivots, ia pressed against the firat by means of a 
screw, which tilts the lever. In this way a very strung pressure 
mayl>eexerted, while, owing to the free movement of theringon 
the pivots, the plates of glass always remain parallel to each other. 

A oompressorium which may be used to examine either side I 
of an object is oonstrncted by Messrs. Koss & Co. In this form 
tha two plates are bronght together by means ol a, wedge, 
fa is moved by 
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excellent, but requires oonBideraljle Bkill in its nae. It is diffi- 
cult to adjust the pressure with euffioieut delicacy, nnd we are 
apt either to crash the animal or leare it, too free in ita move- 
ments. These difficulties are avoided by the apparatua ehown 
in the engraving. Two plates of metal are provided, each with 
a hole in the centre, which hole is covered with a piece of thin 
glaaa. At one end the upper plate has two pins, which fit into 
two holes in the lower plate, and serve to prevent all side 
movements. A screw passes through the other end o[ the 
upper plate, and serTOH to aeparate the two. A drop of water 
containing an animalcule having been placed on the thin glass 
attached to the lower pkte, the upper plate, with the screw 
projecting sufficiently from the under aide, is laid on it. Then 
ty taming the screw, we can bring the two plates together to 
ly required degree of nearness, and with the utmost delicacy. 



I Fig, IB.— THB GRAl 

Any minute animal may thna be firmly grasped, without ornah- 
iug if, while the compressing power exerted by the mere weight 
of the metal plate is in almost all cases sufficient, oven for the 
complete flattening out of small worms, etc. Even such crea- 
tures as the larva of the common gnat or moeqiiito may be 
completely cruehed by the weight of a plate less than the eighth 
of an inch thick; and, where greater force ia required, it is of 
course easy to apply the preasnre of the finger. In the latter 
cose, DO danger of exerting too great a pressure need be in- 
oarred, as the projecting screw prevents all that. The want of 
parallelism between the plates doea not prove a eerioua objec- 
tion, as it is BO very alight that it ia hardly perceptible in the 
k i^ort distancea ordinarily under observation. Wl w- 

8 desirable to avoid this defect, screws ma, 
I lof the pias, and tho polnte iMC^Xiei 'tosZ 
dhalt througli tlio\o^(it ^\iAe. 




<i.Mi(w to wioit, bvt tt^^oaft I 
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ng. 16,— fiBonriKB SLIDE. 

n^UftwUMl >l«TioM have lieen doKzibed for Ootju- 

'"^t tkts luUttvius mnple mmtmvtee Basvezs tba«) 

'- Wi' Itev* mad it fattToan. Toone end olaeomBel 

t <xilMM<M wntia. iMnMBt » aanU bottle, u sbo« !■ 

<|<h1ft ai nnl; doiw b; iMana of * litUe nusM 

, ««t u aataO pMoas, dionld be Itid (■ 

t «bM« tbo bottia is to be kUadiedi 

I tM bo gmJunllj heated mitil Uie ghe i< 

' K-'ltl« IB laid OB and noTed bwtk bbI 

-.■niflgU; iabedded in the semaDt 

vtt«r Mid ooskvd, tbe i^fMc b^ 

...-tob w «>t is it, one fiv th a a- 

u'l' [M lb« tmiiiM^i of « 




i few th a a- 



The object ia placed in tlie oonoavity, coyereil with ii 
I'jpieoa of thin glass, and the end of the threud is carried under 
Kthe coverbf meims of s, small notch cut in the slide with a 
|r Sle. The bottle must be filled with very pnre water, otherwise 
fjlihe salts, etc., contained iu it, become concentrated under the 

■, owing to the evaporation, and destroy the object. 

Frog Plate.— The circuLition of the blood in the capiUaries 
t -of living animals may be observed in the web of the frog's foot, 
[ tiie tail of s small fish or water-lizard, thelarviuof manyinseote, 
the ear of a young mouse and the wing of the bat. The tongue 
of the frog is also a favorite subject with some, and dissections 
of the Hying animal hare also been made, and the circulation ob- 
served in the parts thus displayed. Except, however, for im- 
portant investigntiona, we have no right thus to inflict torturo 
and destroy life, and, moreover, the obvious cruelty of the 
means employed, wiU to most minds destroy nearly all the pleas- 
ure arising from the beauty of the exhibition. Fortunately the 
oiroulation of the blood in thefootof tlie f rog may be witnessed 
without subjecting the animal to any pain. For this puipose 
the web of the hind foot ia spread out over a piece of glass, 
which is held in a friig-ptaie, as it is called, to which the little 
animal is attached. The frog-plates usually sold, however, do 
not lie conveniently on the stage of a small microscope; they 
are apt to tip up, and there is no means of attaching them 
firmly to the stage, so that it is impossible to incline the mi< 
croscope. The annexed engravings represent a frog-pkte, in 
which these difBonlties are avoided. As seen in the figure, it is 
of the usoal form, and has a large opening, into which is 
burnished a piece of thinnish plate glass upon which the web 
ol the foot is laid. Around tliis opening is bored a number of 
small holes, through which threads, tied to the frog's toes, are 
passed and held firmly by small wooden pins. A series of holes 
are also bored on each side and cut out at the edge, t 
unnecessary to pai» the twine through the holes, as it may be 
readily slipped into them. The frog may be enclosed ii 
one foot being left out, bnt a simpler and bet* 
swuthe him in a strip of muslin two inches wide 
twelve inches long. The muslin is dipped in 




HELECTIOX lUlS 1 




'i~vN AMD SBcnoti. Fig, 18. 





106 

frog rolled up in it anjt laid on the plate, whore he is held by a 
few tnms of light packing twine pasaed into the slits in. the side 
of the plata and carried from one to the other and over the 
animal. Small frogs are best for this jmrpose, but when too 
small they are not eaaily handled. The position of the animal 
on the plate is so arranged that the foot may be spread over the 
glass plate that fills the large opening. 

The plate ia attached to the stage as follows; A cylindrical 
brass block (Fig. lOjisprovided — this block having a milled belt, 
which tenders it more easily turned. The upper surface of 
this block receives a screw which passes 
throngh a slot of considerable length, out in 
the frog plate, thus allowing a wide range of 
motion on the part of the latter; the under 
surface of the block receives a second screw, 
which serves to secure it to the stage of the 
microscope, as shown in Fig. St. The holes 
for these screws are not ia the same line, 
their ftxea being about; a quntter of an inch 
apart, and the consequence ia that when the 
brass blockis rotated on the stage, the screw 
that passes throngh the plate acts tike a crank in relation to 
the plate, and moves it longitudinally, provided it (the plate) is 
kept from rotating with the block. The upper screw is inserted 
with sufficient tightness to keep the plate from shaking, but is 
left so loose that the plate can be readily moved back and forth. 
Hence, while the plate ia attached to the stage in such a way 
tbatitcanuot tipupor fall ofi", it may readily be moved in tno 
directions, one the arc of a comparatively large circle, and the 
other a longitudinal motion at right angles to this. 

This frog plate formainfactasortof mectianical stage which 
admits of very delicate movements being very steadily made. 
Where this plate ia used, the microscope may be inclined to 
, liny angle, and no jerking or starting of the animal can displace 
the portion of the foot that ia under observation. Difi^rent 
e of the Biime foot and different corresponding p( 
mt feet are more or less suited to purposes of c 
they are more or less transparent 
' supplied with vesaola. It is therefo»j|~ 
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vantage to be able to select that part wliich answers onr pur- 
pose most perfectly, and this plate affords peculiar faoilitieB for 
effecting this. 

Table.— The table used for supporting the microflcope 
should be firm and substantial, so that all shake andyibration 
may be avoided. Those who use very high powers, and deedre 
to avoid vibration as much as possible, will find that a barrel or 
box, filled with sand, and resting on three feet, makes tiie best 
support. Some years ago, having some rather delicate inveeti- 
gations to make, we constructed a table in this way, and foond 
the results very gratifying. Our table was arranged as follows: 
a common barrel, cut down a little, and filled with sand, was 
supported on three stout blocks nailed to the bottom. The 
table proper was made of plank, nearly square, and it entirely 
covered the top of the barrel. It was supported by a -|- shaped 
piece of wood, which was fastened to the centre of the table, 
and descended into the sand. With such a table, walking on 
the floor, and the passage of heavy teams in the street, produce 
no vibration, though, on an ordinary table, they render work 
with high powers almost impossible. 

Where several persons wish to look through the same micro- 
scope, it is very awkward if each one has to get up and go to 
the instrument. At the same time it is of course impossible to 
move the microscope without moving the arrangement for illu- 
mination also. This difficulty has been avoided by means of 
revolving tables, around which the observers sit, each one in 
turn examining the object, as the microscope is passed round to 
him. This is a very excellent, but a somewhat expensive ar- 
rangement. The same end may be attained by placing the mi- 
croscope, lamp, etc., on a smooth board of suitable size and 
shape, and passing this board to each observer in turn. The 
board, carrying microscope, lamp, etc., may be made to slide 
quite easily, and if placed on three feet, it is tolerably steady. 
Such a support, however, is not to be chosen where the micro- 
Boope is used for scientific investigations. 
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Dnuble Nose-Piece.— This is oso of the most naefnl 
accessories that the microscopist can poaseas. The resnlt to be 
obtained, and the method oC accompli ah in g it are obyious. The 
nose-piece screws on to the 
noae, or lower end ot the body 
of the microscope, and is 
_ fitted to receive two obj'ec- 

^^w tiTes of different powers, 
either one of which may be 
Jig. ao — HTRiioHT noSK-piECB. brought into action by simply 
turoing the noBC-piece. In 
is way a low power may be nsed for finding objects and ez- 
nining them as a whole, while the details may, witliont 
nable, be eubjected to an 
!t-glaes ot mnch higher 
n. Two forms of the 
piece are in use. The ^ 
older form is straight, as in 
Fig. 20; the later form is 
bent, as in Fig. 21. The lat- 
form is altogether the most 
ivenient. Nose-piecea ca- 
bbie of receiving three or 
inr objectives have been oon- 
atmcted, and a very old mi- 
croscope, at one time in our 
possession, had a nose-piece 
with eight objectives! The 
modem nose-piece, so ar- 
ranged as to be capable of 
carrying the best objectives, is 
~' invention of Mr. Brookes. 
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ILLUMINATION— SOUBCES OF LIGHT. 
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^^BiUi Light.— It is generally acknowledged 
^^fntfozmioTOBCOpioa] purposes is that ol ^ISJ 
^^Elight, however, for this is altogether I 
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light reflected from a. wliite wall, or a light fleecy clond. 
light is somsthing which we cannot Qommand at will, und, there- I 
fore, tbe microBcopiat cnn do nothing more than select the lo- I 
catdon of the room which he ocoupiee. In general a 
a Dortbem aspect is to be preferred; if there should aLso be 
windows looking towards tlie east or west, so much the better, 
provided thej can be oompletelj darkened when not in nse^ aa 
cross lights produce a bad effect. 

Artiflcial T<ielit.— Wliilo (/nud dajlight is the best source 
of illumination, jmor dayUght is one of the worst, and we have 
frequently, during the day, obtained by the use of huniis and 
candles, results which could not ]>os8ibly be secured by natar&l 
daylight. At the present time, gas-light, lamp-light and can- 
dle light are the most available means of ortiScial illnmisation. 
Candles are rarely used except when the microscopist is travel- 
ing, or in a peculiar situation, but a good candle gives very fiur 
results, especially if the flame be protected from currents 

of air, which may smly be ilono by eitemporiziiig t 
Rhode out of a piece of gItisH tube or small lamp chim- 
ney. Wax, parafUne or sperm candles shonld be chosen, bb 
they give a clear, white flame. Common tallow candles give a 
dull yellow flame of inferior quality. Gas-light, as obtained 
from the ordinary, flat, unprotected burner, is not suffioientlj 
steady; it flickers and changes, and for microscopy this is the 
worst fault thatanartiflcial light can have. Where gaa ia em- 
ployed it is, therefore, necesaary to use an organd burner, with 
a gUsB cbimDey. Light obtained in this way is in general 
j^ery excellent. But the most convenient, as well as the best 
means of illumiDalion, ia a good lamp, of which the ordinary 
student's lamp is, on the whole, perhaps the best kind. It 
fpves a pnre, steady and intense light; it is easily regulated, 
la regards brightness, and also position, and oonse- 
Uy direction, and it may easily be procured almost any- 
In default of a good student's lamp, any of the ordi- 
a with circular, or flat wicku, may be made to answer. 
B quantity of ligbt ia ri>quired, as in the illamtii»- 
e opaque objects, the circular, hollow wick, from 
f brightness and whiteness of the light, is alwajs to 




i 



OP TEE MICIiOSCOPI!. 109 

be preferred. But wbere a emalL liglit of great intensity is 
needed, the common flat wick, turned edgewise to tiie mirror, 
aiiBwera very well. It is a curioiifl fact that flame is transparent 
to ligbt, and, therefore, the greater the depth of flame, the 
more intense is the light. This is easily tested by looking at 
the flame of a common hand lamp sidewiae and edgewise. In 
the latter case the eye receives the light from the entire flame 
ooDcentrated to a. mere baud. 

Several varieties of lamps have been devised specially for the 
HBO of microscopists, and some of them are very excellent, 
the most perfect being that devieed by Br. Drysilaie and Bev. 
W. H. Dillinger, and described in the MoniJdi/ Micruscopiail 
Journal for April, 1876. 

It is hardly necesBarj to say that all kinds of oil have been 
displaced by the mineral oila ordinarily called kerosene. 

Very intense light, such na that from burning magnesiiun, 
the calcium light, the Bude light and others, have been tried, 
but withont material advantage. Many years ago, we arranged 
a common kerosene lamp, so that the air sorrounding tlie ilame 
could be enriched with a supply of pure oxygen when neces- 
sary. Dr. Beale describes the same thing in his work, but does 
not seem to regard it as of any advantage. When used as a 
source of direct light, however, we found that it more nearly 
resembled sunlight than any other artificial sonrceof illnmina- 
tioD. A large diaphragm or shade, with an aperture of mod- 
erate size, was placed dose to the light, which vas placed at 
some distance from the microscope, and the ruya passed di- 
rectly through the object, not being reflected from a mirror. 
The results in some cases were well worth the trouble incurred. 
It is probable that in some oases very excellent results could be 
obtained from the electi'ic light if properly arranged. This, 
however, ia a department of microscopy which is certainly not 
suited to beginners, and we, therefore, dismiss it. 

The rays of light, from whatever source obtained, ore either 
parnliel, convergent or liirergeal; and in tlie iLuminatioii of 
transparent objects the character of the light, : 
upon these features, is of marked importance. 
an«l the action of lenses and mirrors in changing V, 
)tdou of the rays, should be carcfidly sludie^^'' 
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lUut, who will find it fnlly discuBaed in any work on option 
Tlio genGml principles may be beat explained bj a few experi- 
tneiitnl i! lustra lions. 

Tuko B piece of cardboard about bii inches square, aod in it : 
punch a hole abont halE au inch in diameter. If this card bo 
held in front of a wall upon which the sun is shiniDg slcooglr, 
we will see the shadow of the card and a. round spot of light 
(ixnotly the size of the hole. If the card be now moved aw^ 
from the wall, the shadow and the bright spot nill still rem&in 
of thit same size, showing clearly that the rays proceeding from 
tlio "uu are senaibly parallel. The same holds true of a bright 
ijoud or a wUit« wall placed at a great distance; but when tbo 
wall or other reflecting object is rery near, the raya no longer 
])usseBs this olinracter to the same extent. 

If in the Urst experiment the wall be illuminated by a ctmdlg 
iustoad of by the haid, it will be foimd that as the cord is moved 
from the wall the sliEidow and the spot become larger, ahowing 
that the rays are divei-gfiil instead of pitrallel. The same effect 
is prndnu(id by fixing both the loin)) and the card on a stud 
nod moTiug thorn away from the wall. 

Convergent rays, that is rays that tend to meet ot a point, 
can bo obtained only by passing parallel or divorgent lays 
through a lens, or reflecting them from a concave mirror. By 
carefidly oi'rauging a large convex lens in the x)ath of rajB that 
are divergent, it id easy to render them parallel. Tbey 
known to be parallel when the bright spot which they maif 
a Szed Bnrface, after passing through a hole, is not Taried in 
size by changing the position of the hole. 

The variations which are produced in the appearances ol 

objectB when they are viewed by light poasesaing these different 

oharacteristioB can only be learned by practice, and the young 

I mioroBOopist should experiment in every conceivable vray. 

Whatever be the source of light employed, most objects may 
L b9 viewed by meaus ot any one of several very difTetent 
d«. Thus, an object, it transparent, may be viewed by 
■W light, that ifl, by light reflected from the mirror, and 
'h t!iti iiltji'ct. If opaque, it may be viewed by?w- 
l)ich ciiHi; the light that passes to the eye through 
~lla ftifleoted from the sarface ol the objaot, 



ILLUMINATION OF OPAQUE OBJECTa 

DilTuHed Light.— Tbis term ta applied to ordinary day- 
light or lump-light, allowed to fall on tLe object without the 
intervention of any special means of concentration. That dit- 
tuBcd light may be aTailable for the illnmiuation of ohjeota, it 
is neceasary that the objectives be good. Objeets which, with 
ordinary triplets of low angular aperture, ore entirely iuvisible, 
become beautifully distinct wlien a better class of objectives is 
used, Cnder favorable oircnm8ta,naea the view obtained in this 
way of any well marked object is very pleasant. 

Bulla-Eye Coinlenser.— This is a large lens of compar- 
atively short focuB, which is made to condense the light on the 
object in the same way that the oom.moii buming-glaas acta, but 
with effecta greatly less marked, since the light is ho much less 
intense. In some caaea the condenaiug lens is attached to the 
microscope, and in some spocial cases thia ia very convenient, 
bnt where there ia only one condenser, it should be mounted on 
a stand, as shown in Fig. 22, so that it may be 
placed at any height and turned in any direc- 
tion. Placed between the object and the 
lamp, it collects the rays of the latter to a 
focus which brightly illuminates any object 
npon which it may tall. Opaqne objects, 
irhiufa by diffused light are barely visible 
nnder the microscope, become very distinct 
and clearly defined when thus illuminated, 
and many of them, such as the wings of in- 
sects and certain minerals, appear in the most 
gorgeous colora, which, however, are perfectly 
natural, and are not the resnlt of chromatic 
defects in the lenses. 

In viewing an opaque object by reflected 
light, it is evident that we are ■■ 

judge of the irregularities of 1 
largely by means of the abadowo ; 
oinanoeB. By raising or lowering the lump, a 
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vents the nae of tbe Lieberkulin, condensing lenses, reflectors, 
etc. Several diflerent arrangements are used. TLe first was a 
small annular silver reScctar, placed juat above tlie buck leusea 
of the objectjvo. A hole in the aide of the brass mounting 
admitted the light, which was thus thrown down through the 
lenses of the objective, on to the object, and buck ag^ia to the 
e;e. For the silver reflector, some mannfactureis siibstitnte a 
thin plate of glass, and with excellent results. This illuminator 
has been nsed with immersion objectives oE high power, and 
with very good results. 

The Parabolic Reflecior was first made by Messrs. 
Beck for Mr. Sorby, who employed it to examine the micro- 
scopical stmcture ■ of iron and 
steel. Aa ordinarily constructed, 
it consists of a parabolic mirror 
attached to the end of a rod fur- 
nished with universal joints, so 
tliab it may bo placed in any 
position. It answers admirably 
for condensieg the light on the 
surface of objects, and by throw- 
ing the rays in any particular 
direction across the enrfoco, the 
observer is enabled, by means of 
the shadows, to determine the 
nature of irregularities upon some 
objects in a very satisfactory man- 
ner. It is in general nsed in con- 
nection with a large bulls-eye 
condenser, which is thus made to throw parallel raya on it. 

There are two ways of mounting the parabolic reflector. The 
ufioal, and where applicable, the best method, is to attach it to 
tho arm of the microscope. Many microscopes, however, have 
no arrangement for attaching this accessory, and to meet such 
coses Mr. Cronch has devised the adopter shown in 
The joinled arm which oorries the reflector is atti 
adapti'r, which fits between the nose-piece and tli( 
^And may thus be nsL'd on any stand. 
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ILLUMINATrON OF TRANSPABENT OKTEOIB. 

The different metliods which have been devised for view! 
tmaHparent objects are quite as nnmeroos as those available fat 
opaque ones, and require quite as much taot and study. & 
ekiltal worker, who thoroughly nnderstauds the pointsesse 
lo good, or rather to appropriate and cffioieut illiiminatioii, 

attain reaulta wonderfully Huporior to those achieved by pei 

ignoraat of the subjeot, and this, too, oitbongh the latter nuQ 
be worluDg with for superior instruments, This is seen i 
season at our microsoopical exhibitions and converaaziones, an^ 
although the work done on these ocoasions is chiefly for shoK^ 
the Bame principle holds good in regard to work done ii 
direotion of study and inveatigation. 

Direct anil Uedecleil Light.— When the microsoops 

is so arranged that the light from a lamp or other self-Inminoiil 
body shall pass directly through the object and into the mion>- 
scope without being first reflected from the mirror, the ilia 
ation ia said to be direct, in distinction from light which hM 
been first reflected from a mirror or other surface. Light from 
a cloud or a white wall can soarcely be regarded as directi 
Direct light gives results which are appreciably different from 
those produced by reflected light, since light always soflleiB > 
change in oharoctar by reflection. These two kinds of illumiD- 
ation may be either axial or obUque, and in tbo case of botb 
reflected and direct light, if the source of light be very distant, 
the TBja will be seiLsibly parallel, bat if the source of light be 
very near, the rays will be divergent, and, consequently, under 
soch circumstances, the illumination must in part be more or 
less oblique. 

Axial or Central Liglit.— When the mirror, either 

L plane or concave, is placed directly in the axis of the mioro- 

Tpe, and reflects the light throngh the tube, the illnminatioii 

d to be axiol or cenlral. The same term also applies tO 

light, when the direction in which the rays pass throngh 

with the optical axis of the instnunent. 
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The raj's muet, of coarse, be parallel. IE either divergeat or 
convergeDt, some of the rays will be oblique. In the cheaper 
forms of the microscope, axial illitmination ia the only kind 
for which provision is made. 

Oblique Liglit.— Many obj'ecte tail to show tlieir peculi- 
arities when iUiuninated by parallel rays of light passing 
through them iu the direction of the optic axis of the micro- 
scope, bnt are seen very clearly when the light ia sent through 
them obliquely. To secure illumination by oblique light re- 
Seoted from the mirror, the latter must be so snapendeil that it 
can be turned to one Bide, and thus send abeam onightthrongb 
the object at an acute angle. "Where direct light ia employed, 
the necessary degree of obliquity may be obtained by adjusting 
the position of the lamp — a device to which we have resorted 
when compelled to use a stand iu which the mirror did not 
swing to one side. In this way, also, oblique light may be em- 
ployed to illuminate objects viewed through a pocket lens, and 
very interesting effects obtained. For the reaolution of fins 
markings upon diatoms, ete., oblique illumination is a neces- 
sity. When the angnlar aperture of .the objective is low, and 
the light is very oblique, the objects appear light on a dark 
ground — in fact a sort of dark ground illumination is obtained. 

The Achromatic Condenser.— The earlier forma of 
the achromatic condenser consisted Bimply ot an achromatic 
lens, similar to an object-glass, so arranged that by means oC it 
the light from tlie mirror could be brought to a focus on the 
object. Witii some objecis, even thia simple contrivance gave 
very fine resulfa. It was soon found, however, that great ad- 
vantage was derived from cutting off portions of the pencil of 
rays transmitted by tlie condenser, and by means of the proper 
diaphragms, central, peripheral and one-Bided or oblique illum- 
ination waa obtained. First-class achromatic condensers be- 
came, therefore, quite complicated and expensive. Several 
cheaper but very eEGcient forms are now made by opticians, a 
laTOrtto being the Webster condenser, shown in Pig, 

Of this accessory Carpenter gives the following vff 
dworlption: "In its present form the a 
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1 \\f ^p«tt l.i II*. - . - .- - : •''- '-: -vrx lens of very high 
•.•«..:... ..:...f,"..t ::...:. >.- nicunted that its 

-- • .• :-.-.• ••<-j->ica. and in this 

• \ ■ : - ■ . . .. : •- :..•.. .... :: i-.-v . «* Irought to a focus 

''•'.*•• .• *. JL..- :-*r.v. r.-vs :»rv p:- : ;vd out by meansof a 
f, .;.//•;'.% :.^;. : : ::.v L.iLiv. p.* tL..: tLe i-'r-ject is illuminated 
Ai.'n.y \.'j iri.\H v.i.ij:L ar»- of tvo great cMiquity to enter the 
',\,y 'X I'/i.f.-.^ ox(:f],t wliiu their direction is changed by the 
ohj'-'f. 'I li*-. l.iUr-.r, th';n:ff>re, appCitrs brilliantly illuminated on 
K ilmk (Moiind, iind in many cases features which oould not 
iilhf I 'vi'!!-. \n t't'cti iiff. mIiowii V(;ry distinctly. 
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Fbe Parabolic IllumiDatoi'.— Tliia is an infitrument 
iutended to accompliak the same end 
OS the spot leue, but iu a iax more 
efficient manner. It cocaistB o( a 
block of gloss, the outer formof whicli 
is a parabola with ji onp-ehaped de- 
preeaioD cut in the up|ier end. It is 
mounted in a braes fitting, which 
slides up nnd down in the sub-stage 
of tbe mieroBcope, and thus may be 
readily ailjaaled, so as to tlirow tli»i 
light properly upon the object. 

jttltB obtained by means of the parabolic illamiuator 

mderfuUy beautifuL 

Polarized Liglil.— The micro polarisoope consistH of two] 

itinct partd, a jml'irisur niul an iiiiiih/ier, each of which i 
^generally loimed of a Nichol prism properly mounted. 
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Fig. 37, 

mmoii luidiiHi oi iiicmnting the polarizer is shown in Fig. 26. 
I there shown, the lower ring ia intended to slip into the ring 
the aub-stflge, the rack and pinion of which enables us to 
too the eud of the priam at a proper distance from the oliject. 
hen the microscope is not provided with a sub-stage, the 
lorizer is turned ujiside down, and tbe brass fitting slipped 
to a ting, which iti attached to the under side of tbe 
le milled ring, which is shown uppermost iu tbe 
cbleB us to rotate the prism iu both cases. 
The analyzer may be ammged in either one of tw< 
lyba slipped over the eye-piece, or it may bq s 
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■ 'w>n«ctoi1 his bad metlioda, but then he evidently had never 
oonsideied it worthy of earnest thought, althongL it formed 
the very foundation of his powers of observation. 

Simple Hand Magnifiers.— TheseareperhapBthe most 
important of hU optical instrumenta, and yet we rarely And a 
person who can ose them efficiently. There are but three 
points tiiat require attention, viz: The proper position of the 
magnifier itself, the perfection of the illumination, and the 
steadiness with which the inetrument is held at the exact focal 
distance from the object. Many magnifiers are so constructed 
that it is impossible tb place them in a wrong position; the 
side which should go next the eye, and the side which should 
go next the object are so well marked that no mistake oan be 
made. The greatest liability to error exists where two or three 
lenses of different powers are fixed in. the same frame and used 
together. This forms one of the most common and useful of 
our magnifiers, and the rule is always toplace Ike lens nf great- 
estpoicer nearest lo the object. Plano-convex lenses should be 
placed with the plimo or flat side nest the object. 

Hand magnifiers are, in the majority of coses, used for ex- 
amining opaque objects, and one of the most important con- 
ditions for perfect vision is that the object be well illuminated. 
First of all, then, see that the light falls full and direct on the 
object; then place the magnifier as nearly in focua aa can be 
done without actually looking through the lens, and, after this, 
approach the eye to the magnifier. The errors most commonly 
committed ore: Turning the object away from the fight; cut- 
ting off the light by the projecting brim of a hat or cap; 
aLuding the object by the hand or the lens itself; attempting to 
examine an object in a room that is not sufBuiently lighted. 

Having secured a proper position for the magnifier and a 
good illutnination, the next step is to devise some means for 
holding the lens steadily in focua dui'ing the examination. This 
is most readily effected by resting the hand that holds the lens 
opon the hand that holds the object. Lens and object then 
move together, and the fociiaaing rfi'muins unchanged. 

Compound Microscopes.— We presume tUu-t tli!aY\>sta:Q-- 
IBent in hand is a very simple oab, wt^ <j 
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used, Haj one magnifjing less than 100 iTiameters, move the 
body of the microHcope up, so as to increaBe the diatanee be- 
tween the objective anil the object. At the same time keep 
your eye at tha eye-piece and wntoh closely. At a certain point 
the object will be seen with great distLuotnesB; it is then in. 
focus, and is ready for examination. Always begin with low 
powers. One of the greatest risks that the beginner runa is 
that of breaking the objective by forcing it down on the object. 
To avoid this with high powers, bring the objectiye down al- 
most into contact with the slide; when doing this do abt look 
through the microscope, bat watch the objective, and stop 
whenerer it ia snffiuiently near the object. Then apply the eye 
to the eye-pieoe, slowly raise the body, and watch for the com- 
ing of the object into focus. This is the only safe method with 
liigh powers. 

Before attempting to plooe an object on the stage, or to riv 
move one from it, see that the objective is raised at least half 
an inch above the stage. By attempting to intrudiioe a new 
slide witlioQt raising tho objective, vhcn usiiig high powers, 
you run great risk of injuring both the object and the objec- 
tive. And iu removing objects from the stage, never lift them 
up; always slide tkem off. In lifting them up, great danger is 
incurred of bringing them into contact with the objective, and 
thus doing irreparable injury. Shding entirely prevents this. 

Where the microscope is nob provided with mechanical 
i for adjnstiug the focus, each as a screw or rack and 
L, a great deal may be accomplished by special methods 

manipulation. Thus if, instead of pushing the body directly 
through the collar, it be moved with a slightly twisting motion, 
the focus may be adjusted with considerable deHcacy, and when 
the microscope is not provided with a fine movement, a great 
deal may be done by means of a slight pressure of tlie BngorH 
on the stage. Few stages are sufficiently rigid to resist even 
the slightest pressure. 

The chief points which the beginner should endeavor to 
study are the vuriations which are made in the appearance of 
the object by meaca of sUgl:t changes in the focussing and the 
mode of illumination. Biperienced mii 
keep their fUDgen oa fhe fine ndiaBlmaA ftl' 



1 




I, HiUBCutliiigoffall theligbt wbieh passes through the 
picroBcope, eiuept that wbicli aclually Berves to iUiiniinate the 

Wt will also be found of great im]H)rlance to Eecuro perfect 
Jiily in the special iJIuiniiiation employed. Thus, if we are 
IniDiuiDg an object by troQEiuitted light, it always detracte 
n the cleameBS and lieauty of the image if light is reflected 
D its surface. It i«, therefore, of advaBtage to shade the 
B>jeot by meauB of a Email tin, brasa ot paHteboord shade, at- 
jhed to the stage bo bb to prevent any light from the lamp 
a failing ore the object. 
^A difficulty which frequently ocoura to young microscopists 
a the almost impossibility ot Beouriug a lield of view 
illy iUuminated in al! parts. At'suming that the mirror is 
p proper position, aud that there is nothing to ehndc amy port, 
"n general be found that the difficulty arises from the 
bt that the miiTor throws images of the lamp, etc., npon the 
pgeot Sometimes this ia very distinctly spen; the shape of 
!an be clearly distiiigmabGd, and the metul pf^rtions 
k-the lamp appear as dark shades. The cause is that the lamp 
ptt the exact distance at which the mirror forma an image of 
I the npper surfiioe of the slide, jast as a lens, held in 
Ut of a white wall, will throw an inverted image ot a, lamp 
fondle on the wall, provided tlie relative distances of the 
, lens aud candle are proi>erly adjiiKted. The remedy is 
y simple; move the lamp either towards the microscope or 
Ifay from it, as may be most convenient. 
PAb previously stated, the charaoW of the illumination af- 
forded by a mirror, and by a white surface placed at ft short 
diatnnoe from the object, are appreciably diSerent. A very 
pleasant method of ilhimiDating transparent objects consists iu 
the use of a plate of plaster of pans. Its whiteness is probably 
OB pure as that of any other substanoe, and it is easily procured. 
The plate we nse was oast in the cover of an old tin box, half itn 
inoh deep and three inches in diameter. A flat surface was 
secured by casting it upon a board. If cast on glass or metul, 
the surface is glazed and shiny, which is bad. Inateo ' 
t«r, fine white paper or cardboard mny be used. 
miist not be glazed, and tliey should be kept scrupnlll 
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tare of the Microscope.— A microscope, wheu not in 
L should always be kept well covered, either in its case or 
B Buitable cover. There ia no more convenient mode o£ 
a microscope thaji to stand it upon a, cloth mat, and 
w it with a glaea shade. It is thus kept free from dust and 
s always ready for nse; but wben it is kept in ita 
L and especially if it has to be screwed together, interesting, 
1 important objects, will often fail to be ex- 
1, simply beoause too much time and labor are necessary 
lepare for the operation, 
ft, good microscope should be bo carefully protected, that it 
'shall rarely require to be cleaned or duated, as this wears off 
Qie lacquer, and exposes the metal, which, when thus uucov- 
ezed, soon begins to tarnish. When dusting or cleaning becomes 
absolntely necessary, chamois leather, or a very fine old lineu 
OT silk handkerchief is moat suitable. Never nse coarse cloths, 
or those that have been lying about exposed to dnst and dirt. 

The lenses should be kept in their boxes when not in use, 
and when they are attached to the microscope, great care 
sbonld be taken to keep them from coming into coutact with 
liquids. In order to prevent the latter accident as far as pos- 
sible, never examine liquids unless when they are covered with 
thin glass. In the pursuit of micro -chemical studies, the 
miorosoopist has frequently to deal with liquids that corrode 
metals, and even glass. In well-appointed laboratories iitcei-ted 
mioroHCopes ore used in such cases, but with ordinary instru- 
ments, special means must be employed. The objeotsbould be 
laid on a large piece of thin plate glass, and the objective 
ahould be coated with oil. The rest of the metal work may 
be protected with oiled ailk or thin india-rubber. 

When liquids which corrode glass are used, the front of the 
objective should be protected by meansoE a very thin leaf of the 
best mica, which may be attached either by glycerine or balsam. 
These, however, are exceptional precautions. In ordinary 
work it is sufficient to see that the lenses and metal work are 
kept tree from stains and finger marks. 

Never touch with the fingers the surface of any lenses, either 
eye-pieces or objectives, as thiswill becertaiatoaoUtWia. TI'«k 
soft eamel-haii hrnslies to remove partiQ\<» ol iiaV, eN«- "^N^siie, 



«r gfrt 

M«] pmiiM of an nknMoc^M, «■ wtO am At ulj t ttt ia 

I, uo lacqaend. lo |»t)t wX Ilii ■> fma taitg 

0((, bat lbs interior of the hoxtm «lii«k hdllft* 

« tttelj K> protaetod, ud the bUd eostiicrf 

t boilioa, drstr-tabo^ Mc;. ia beqaratlr f^otvaj 

_ U. TltDTOtore, nerer tMich theai with tbeftnflOL 

» teklDK m, olripdlivo out of il« \>ox, either acmr oa Ibl 

J tU Imh, ,„ jiiucu the Utter with ila open end dovB. D» 

K'lilli lip, All tlint it amy catch bD the dnsL 

ihUiltitiK tlii^ mtcrnRcnpe to otlieis, great care is noes' 

7 ■tiutUlloiiuunllciKurH from soiling the gtaneo. Sont 

r uoii tout when morel j uUowcO to look at thtB0K 

t niuiii Iiuuillttig theni. anil fe^ng th«iii. To ite 

^"""Jiidt, wixroiildBnjrUmtllaDyof ^otirfneDdits- 

UillliiK J"»r fil'ji'ulivi'*, pji-piecea. etc., pal up lb 

'»>! vnuk it nwuy. A uioroooope cnrafuOr oaad i> 

V flftv y%wn ua whtm first made, Inil we luse i*Sk 

tl'xr iii<iv> injury in halt an hour at tfa* te^i 

' •><i'\ <hii;i' [wnoii, thsu It vo«)d hin m*- 



I 



COLLECTING OBJECTS. 



pBe who ore eogageil in epeoial atudiea and reaearcIieB le- 
juo directions tor coUedinff ohiBota; but to those wlio use 
iiicroBoope forpurpoaes of general instmctioa oramusa- 
1 a few bints may not be out of place. Almost every text- 
fm botanj, phjsiology, mineralogy and kindred sabjecta, 
tot only indioate a long list of objects, but will give di- 
B for procuring them. Pliinta yield a very large variety 
eating sabjecta. Thtis the cuticles of the leaves and 
m; oellulai" tiasne aa shown by dissections, and by oross 
ttgitodinal sections; hairs, polien, seeds, etc., all deserve 
1 microscopical examination. Insects f uruiah an abnoat 
Bted field, and their wings, feet, eyes, mouth, scales, spira- 
., are all worthy of careful preparation and ezom- 

L however, amongst the more minute fonns of animal and 
ifcle life, as found in pools and running streama, that the 
teresting objeotsare to be found, and tlie number iiad var- 
t these is ao great that several large volumes would be re- J 
ito describe them. Even the ponderous works of Ehren-' I 
Bid Pritcbard do not begin to exhaust the subject, and, 4 

J, it will be obvious, that even if wo were to devot« the 
[of the present volume to tbia department, we conid 
irface. Thus far we have had to depend chiefly 
eigD works for descriptions of these organisms, but it ia 
e that while the higher classes of plants and animals 
Kinhabit Europe, and ore described in European, works, 
prely different from their congeners on this continent, the 
IS not hold true in regard to the lower forms. We have 
|]ooalities whi<;h teemed with the VoltKo: Gloliator and 
I species of Chslerium, Slawialru/n, Peilia 

'e to be found in great abundance, and so nearly like 
Oiibed European species that the beginner will fii"! 
I to deteut the difference. Wehaverepeatedly for 
fU. JIfefii.«rf(t and other beautiful microsoopioi 
aore common onea, each as the Varti 
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»le quantity of it through el flltor, t!ie aiirfaee of which will 
fiimish B. large amount of valuable matter. 

Bnt it IB not in auch fieliia that the mieroscopiBt will'flnd his 
best hunting grounds. Along the edges of quiet pools of clear 
water ia'the beat place for the finer Tegetable forma, such as 
the Vohox Qlobator, Closterivm, eto. It the wa.ter is much con- 
taminated with dead animal matter or with sewage, nothing will 
be found bnt the coarser organisma and animalcules, auch as 
Paramecium. The aame is true of sm&ll pools found in trooda, 
or very much shaded with trees, and filled with dead leuTes. 
Such places are, Ijowever, the favorite haunta of the larcte of 
inaecte, and also of frogs and Tritons. The size of the pools is 
not of mneh consequence. We remember on one occasion to 
have found by the roadside in Centre County, Pennsylvimiii, a 
little pool which was almost filled with the larvie of Tritons. 
The gilla, which were beantilully developed, would have formed 
a splendid object under the microacope, but when wa returned 
neit day, for the purpose of seonring some, the water had dried 
up, Bnd the larvFe were all gone. 

The little pools formed in boggy ground by the footsteps of 
cattle will often be found to contain large quantities of one or 
two species of desmids or diatoms. It will not do to look for 
these objects in similar pools formed in ordinary soft land, and 
temporarily filled with rain water. The ground must be na- 
turally and constantly wet, ao that the pools are always kept 
filled by the iafiltraliou of water from the auirounding soil. 
Buob pools, however small, uau;illy contain a large number of 
specimens, and it is in such places that one is most likely to 
find a supply of ojis variety unmiswl with any others. 

■While many of the moat interesting objects will bo found 
swimming freely about in the water, others of great beauty are 
alwaya attached to floating weeds, sticks, etc. We have gen- 
erally been moat auGceasful in discovering apecimens of this 
kind when we have placed the gathering in a large glass jar, and 
allowed it to stand quiet for some time. The water will then 
oettle, and the objects of which the microscopiat is )■■ "h 
will have time to expand, when tbey may be aeen i 
xeaembliug light mould, or down, attached to the a 
solid matters. 




I J30 HEIJMTIUN AND VHB 

The auifaoeof tlio mnd at tbe bottom of ponds of dcmrvitcr. 

B t»qn<'titly very riuli in micro»copi<> vegetable nrgmB JanM. 

Tlieso ininiilu pinnta neem to seek the light, and to rise tluira^ 

f tlin mud which wonlJ othorwiBo cover them, bo that hj om*- 

fiOl; sorapinR the Burtuce of the bottom, we am ew^bM to 

lirouure llicm iu Inrgo niiiubers. 

It luiiBt, <>f Ruursf, hv liorue in toiud, that nliile soma nptma 

D frp«l» wnter, others am marine, that ia, th^ Bw 

luly 111 Ktm-WBtcr. The best locationa for finding DuLrine fomt 

1, thn poulM of o'ear W£it«i, found in salt marshes; % 

[ tlia aiirta<30 of the inud at the bottonta of harbors aoA quid 

mvM; 3, the wntcni of the occun itself, as well as that of the 

I hnjK and covtm coniKictrd with it. 

Tlio apparatus required for captariiig theaa varions otqe■)l^ 

I li nuithnr hulliy nor uxpiinaivc. For laivn: anJ the hirgemi- 

I nialoulea, the tnoHt uneful Implement ia a entail net. Onn cea- 

[ «iiitaof a ring of hrusa wiro (iron wire would rust and destn>; 

inl) nboiit six innliDH in dinmoter, eoldered to ii tin tnbe or 

fiUTula, which tlhi tightly on the end of a walking oane. To 

3 riuK in iittiiuUt^d n liag of any light, gauKj njuterial, which 

puHiMMua tlto two qualities of letting waler out rapidly, and 

knnpiug nuall ohji'uts in. With Ihin uet it ia easy to oaptan 

auythinff from n aniull tieh or a frog to the -very suiallest lacva,' 

and it ia very portable, since an ordinary walking cane forma a 

sort of nuivemal handle for this and other implements. Next 

L to the nt^t. we find the most useful artiolea to be bottlee. Thcj 

L ahouid bo of clear glaaa, so that any object contained in them 

ZCMj ba readily exiuniued by means of a pocket lens. For this 

Frcaaou wc pr<-<ri.-r whntaro oikUed houiteopnthic phials of largeeiio 

Ijfhalf ouuee (iiid quarter ouuee), und we generally carry a di«eD 

«0 whou out on a tramj). A fair sample of the contenta of 

I (uwily obtftiued by gently lowering the phiali 

Qniwarda, iimler the water, and liringiag it cantianelj 

"^ioh 18 Hupijoaed to be richtst iu specimena. The 

<)ed moutb upward, tiie nir rusiiea out and the 

into tlio liottle hy tlic force of the inraehlng 

Pof >-iimll. nLolhiw iiui.ls, the pliini ia moat 

• tlic Iiiitid, but wlien the water ia deep a 

'" '^itmo me Oio hoUer " 



OP THK MK.'RoaOOPG. II 

i, vihieh is made to fit on tbe end of tbe woUdng stick, It 

:s of a ferrule having 0, semi -cylindrical piece soldered at 

^^a^^^—. riglit angles to it. The fernile fits the cane, 

|_^J^a" and the bottle is fastened to the cross piece 

^^W^^* by means of a rubber ring — the method of 

IF arranging the latter being easily understood 

H| from the engraving. A dozen or more bottles 

of proper size may be taken along, and thej 

jv, 38. ^^ ^ easily attached to the Ikolder that there 

P is no necessity for traDsferriDg a "dip" to 

lother bottle. The contents are moat eoaily carried in the 

ottle iu which they were first obtained. 

When the water is too deep for a walking cane, a fishing rod 

CBUy long pole may be osed, and where these prove too short, 

U) harbors, etc. , a bottle may be lowered and raised properly 

Bkeaus of strings. For this purpose the bottle most bo 

Rnily loaded with lead round the neck, and two strings must 

6 attached to it, one fastened to the neck and the other to the 

ottoU. It is by the latter that the bottld tutut b6 lowefgd, 

at it most be raised by the other. If properly managed it 

ill descend mouth downwards, but the tension of the string 

BObedtothe neck willinvertit.andwhen raised by this string 

Kll bring up its contents very perfectly. 

Rbr scraping the surface of the mod at the bottom of shallow 

Mb, we UHt! the spoon shown iuFig. 20. It is simply aring of 

n five inches in diameter and one 

ich deep. The lower edge is 

wired " as the tinsmiths call it, and 

is a ferrule soldered to the side 

[lAt it may be fixed to the same 

^thatisusedforthenet. Overthe 

a is stretched u pieoe of some 

fabric, such as thin moslin, gauze 1 

" y a rubber band that slips ovei 

It is best to make one side of the ring somewhat flat, so 

Badapt it better to the ilat surface of the mud, When tl 

16 of cloth get soiled, thoy are easily replaced, and, 

ine oases it is not a bod plan to curry the mud home in 

loUiB, a dozen or more of vliich, with their contents, 



Fig, as. 

tarletan, which is held in 
ringon tlielower 
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? THE MICTJOSCOPE. 



rre. Accotnpaiiyliig tLe cans. A, are the hooked knife, 
the riDg aud bottle, C. These are mude with a double 
1 HO that they may be attached either to the end of the 
uself, or to the inner rod, and in thia way ve oan have 



mife, ^^H 
C the ^^ 



Poire 



bi eiTcunuttuDces may require. The bottle is made so as 

hv into the brass ting, and the same screw enables ns to 

fooden cap on it, which thna encloscB the contents tightly. 

jbok is made of fine Bteel, and has a ehnrp cutting edge, aa 

In the engraTing, so that it la easy to cut off a piece of 

fSt&g it out oE the water and 

lee who carry such a 

Id not attract attention 

W nnnsual parapher- 

nud at the same time 

fre at all times ready to 

i any valuable material 

Itij present itself. Sev- 

ntles may be carried in 

kfcet, and screwed into 

Sg as required. 

t collector who desires 

|e a thorough examina- 

I the microscopic flora 

una of any pool or 

must not rest content 

Quitesimal quantities 

rial It ia not neoes- 

verer, to lug home a 

)f water for the sake 

Iqects oontained iu it, 

[ally have microscop- 

I impressed with this 

il the devices which 

n prepared for atraia- 

the Talnable portions 

■i endless. The best 

plest that we have 

B modifiontion of 
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^■^ OF THE laCROSCOPE. ],')5 

-||orface tlownwarcls, most objects of interest fall awaj from it, 
_uid may be found iu the water. A single bottle of this deaorip- 
^i«on is sufficient, a^ tbe cork is easily renioTed, so tbat tbe water 
^Diay be poured into other bottles. As ordinarily made and sold, 
^Wright's ejecting bottle is an expensive piece of apparatus, 
^ [Costing four or five dollars, but as shown in the ongniTing it 
^ma; be made for a few cents by any tiDtimith. 
^ "Where it is desirable to keep the specimens thus obtained bo 
,|tbat they may be examined, and their life-history studied, 
-bottles and jars of almost any kind may be used, bat those which 
• iWS have found most conTeuient are what are known as "qnin- 
ise " bottles, and may be hud at most druggists. For ordinary 
, objects they are just about the right size, and as they are made 
of tolerably clear glass it is easy to examine the objects through 
. the sides of the bottle. A dozen or two oE these little aquaria 
oooupy very little space, and are easily handled. Great core 
must in general be taken to exclude from the vessels contain- 
ing the finer organisms, suoh predatory animalcules as devour 
tbem. Water fleas, ihelorvie of insects, etc., will sooxi make 
sway with the finer specimens. On this account great diffi- 
cult is found in keeping the Vdvox Qliibator, since it is greedily 
devoured by various rotifers, and these are exceedingly difficult 
toeicinde. We have succeeded beat in this case by partially 
filling a bottle with well-filtered water taken from the same 
pool as the specimens, and transferring the objects to it singly 
BO as to avoid transferring their enemies too. For this purpose 
the dipping tube should be used. Some authors caution us 
against mixing the iniiabitunts of different pools, on the ground 
that being strangers to each other they will fight. This is more 
fanciful than nccurato, though it has a basis of truth. It is not 
the circamstance that they are strangers that causes the diffl- 
cull;, bnt the fact that the one is the natural prey of the other. 
The samething occurs between inhabitants of the same pool. 
II must bo remembered, however, tbat very slight changes in 
the conditions in which they are placed will often cause the de- 
etmction of these objects. Thus, we bave seen some very fine 
gatherings totally destroyed by being removed from soft, boggy 
vrtlter to clear, hard well water. Therefore, :' 
tables to on aqnoriun, it is 
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EPAHATION, PRESEBVATION AND MOUNTING OF 

OBJECTS. 

three operations are ho freqtientlj applied els a. single 

o objeote, tliat mnny writers have failed ta moke a suf- 

Bent distinction between tliem. By keeping tbe proper dia- 

P ction clearly in mind, however, the student will not only 

^Sts mnch valuable time, but be wil! secure vastly better re- 

"■' suits. Except by those who are more ami ous to increaee the 

number of objects in their cabinet than the amount of know- 

- ledge which they po.s8saa, a very large proportion of the ob- 

»= jectsexaminedwill never be preserved or mounted at all. This 

^* however, should not prevent the utmost care being given to the 

process of preparing them for thorough examination. Ou the 

* other hand it often happens that objects whieh have been 

* carefully prepared and mounted, spoil because they have not 
— been subjected to a proper preserving process. Hence the 

* importance of treating these operations Bcparately and fully, 

The PrepnraHnn and Exaiuinatinn of Obiects.— 

It is a common but very erroneous idea that the only thing 
that ia neceaaary in order to examine any object under the mi- 
croscope, is simply to place it ou the stage, and get it into 
fociis. With the exooptioa of mounted objecta, a very few- 
transparent objecta^siich as the wings of insects — and some 
things that are viewed by reflected light, every substance re- 
quires to iindergo careful preparation before it can be fit for 
profitable examination. A good example of the necessity for 
BQch preparation is seen in the common potato, a piece of which 
when simply placed on the stage of the microscope, and brought 
into focus, appears aa a glistening muss, and reveals nothing of 
ita true structure. If we now cut from this lump, by means of 
a very shnrp knife, an exceedingly thin slice, place it on a 
plate of glass, moisten it with a Uttle spirit and water, or better 
atill, glycerine and water, and plaoe over it a tliin glass '•""i' it 
Till disclose tons a most wonderful and beautiful atrnc< 
will be seen to be composed of cells, thai 
filled with granules of starch of various sizes. 



mi 



TImi opentioii wbidi we bn^e tliiui brieOj Heeaibeim 
E Mbln lo tbe potBlo. Ureqniml lur a greattD^ajotli'am 
k ■abstanoe is %o be examined o 
« »«ry lowMt powejn, it is ahsolnfelj- necessai; to ol 
sUiiuas possible, BO (hat tbe light i: 
b them, uid it is in genera} requisite to ii 
aiC7 atheibfimmeiBing them in a floiil, orli 

In prepariog objects for the mioK 
t general to esamine either the ultimate > 

i under inTestigation, or the i 
ift parte; and the processes wliich are 
this porpoBe may be classed under three heads; 1, Hfd 
BuoU as section-eatting, dissection and injection; 2, C 
such as the iise of iodine for detecting steroh; oE si 
hardening ccrUin structruvs; of coloring snbstanoea b 
ing germinal matter, etc.; 3, Optical, sni 
whereby certain liquids change the transparencj of s 
jecla. Of some of these processes, snch as injectioii,d 
and the extended use of chemical testa, elaborate i 
would be required in order to enable the student to a 
out with snccess, and we must refer him to the -w(»bsi| 
tey, which are very complete on these points, 
k sections of anj soft sobstance ace easily m 
p knife— a good razor being probably the b 

r wik in the higher departments ot^ 

iicin of fine objects for 

i n-crttters are employed, but(«ll*1 

<(K.n, Ihey are not absolutely new I 

Using a good sharp razor, U* I 

tlsiibstnuce a wedge «1 

r to nothing, nud which f» I 

jeofthiekiioBs, 80 aatoaffori 
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''bdes so nrrimged in one handle thut tLeir diatance from each 
'liher may be eaailj regulated. When a cat is made witli this 
ouble-Muded feuife, a thin elioe of the tiasue posses between 
*^IB bladee, and constitutes the section. IC is an instnunent, 
lOwever, which will hardly be nsed by beginners. Sections 
•J Bnbstancea of greater consistence, such us wood and soft 
"jonea, are most easily made in a regular section cutter. The 
Mttems according to which these iastrumenta are constructed 
Ve very various, but they all act on the priDciple of raising 
'ibove the BurfacQ of a brass table, by meansof aflue screw, the 
Substance to be cut, and then passing a very sharp razor or 
Imife over the table so as to shave off the projecting part of the 
object. The table is usually of brass, ground and poLshed. 
Tiiia gives rise to two serious defects. The metal is too soft in 
the first place, so that it is impossiblo to press with snlScient 
force on the razor without cutting into the table, and secondly, 
when any soft metal has been gronud on a grindstone or emery 
wheel, the surface becomes so impregnated with gritty nutter, 
that it very rapidly deetrojB the edge of the cutting tool. We 
avoid these difficulties by fitting to onr eeotiou cutter n stout 
plate of hardened eteel, the sarface of which has been highly 
polished by means of buff leather. Qiiekett describes a out- 
tiog machine in which the diiBculties we have mentioned are 
obviated by fixing the knife in a frame so that it ia raised above 
the table, anil does not touch the metal. Its edge is thus pre- 
served from injury, and the bhide itself cannot be affected by 
variations in the pressure exerted. Dr. Curtis, of tbia city, has 
adopted the same principle in his section cutter, the details of 
which ore admirably carried out 

In making sections of wood and similar aubstancea, the apeci- 
men ia first well soaked in dilute aJcobol, and is then fastened 
tecnrely into the tube of the section cutter, either by wedges or 
jy casting was or paraffin around it. The process of raiaing it 
sy means of the screw and passing the knife over it, is simple 
enough, and can easily be learned. 

With the ordinary cutting machine, sncccss in making thin 
sections seems to depend upon the perfect sharpness of the 
cutting edge, the thorough moistening of the knife and section, 
U^tha rigidity of tlie blade. Tlia latter poiaj 



to receive the attention that it deserves. Where a thin, flau>fl 
ble blade is used, a moderate change in the amount of preBsim I 
employed will moke a great difference in the thicfcneaa of ths 4 
section, even bo far as to double it When the blade is BtifF, a ' 
cLiange in the degree of pressure has but little effect. 

SoEt substances miut first be hardened either by immetsioii 
in alcohol or other means, and in general must be supported by 
being surrounded with melted wax or parafflu. Where tLe 
specimen is very slender (such as a hair) it must be carefully 
supported betwecD flrm and rigid clomps, Oorks and similar 
yielding substances, which ore recommended in most bookB, 
never give a crosssection accurately t^ken at right angles, Thft J 
same is true of the plan so much recommended for obtaining J 
sections of hair, viz.: to pass the razor over the face shortly 1 
after shaving. We get sections it is true, bat they are all ' 
oblique. The best way to get true sections is to imbed the snb- 
stonces in glue, gum, paraffin, wax or some such materioL 

Sections of bone ace prepared by sawingoff a thiu slice ii 
first place, and cementing it to a slide by means of thick 01 
balsam; one side is then filed or ground fiat, and polished oaj 
bnff leather, after which the section is transferred toanotlieifl 
slide BO OS to expose the other side, which is then filed downl 
and polished as before. Great care must be taken bo as to hits 
juat the right thickness, and the operation of oemeDting to tll6'| 
slide must be performed eupcditioUBly, so that the balsani may<1 
not saturate the section, and render it too transparent, as when i 
this occurs certain very important features become invisible. 

Very hard substances require special apparatus, ajid consid- 
erable skill. 8till it is astonishing what may be aocomplialied J 
by means of good files, whetstones and grindatones in Uie way m 
of preparing thin and transparent seotious even of Buah sub- J 
stances as rocks and stones. I 

In order to acquire correct ideas in regard to the strnoture of \ 
objects, of which sections ore examined, the student tihouM fo- 
miliariae himself with the geometrical forma produced by Dot- 
ting oyliuders, cones, spheroids, etc., in various directioni. J 
is ft cylindrical vessel, cut square across, shows a circle; wheufl 
''tBhowaanoval (ellipse) of greater or leas lengtijj 
BlUy it shows two lioeati' ' 
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S.f)ptireDt connection with each otlier. The tmth ia, however, 
that we should never ilediiufi tlie form of vesHbls from HeotioiiB 
alone. In every case it ia necessarj' to examine carefully dis- 
aecled preparations aa well as uectioii? 

The soft parts of animals and vegetables are frequently pre- 
pared for examinatiuD bj careful dissection, that is to saj tho 
difierentparta are 6eparat«d from each other, and freed from ex- 
traneous matter by means of knives, Etciesors, foroeps, needles, 
camel hair pencils, etc. The knives used by the microacopist are 
Bimilar t-o the scalpels ordinai'ily employed by anatomists, bnt 
smaller, and unleas very finely tempered and well-sharpened, 
they are ivorthleBs. The knives sent out with low priced micro- 
Bcopea are in generalthe veriest trash, and the sameiatme of the 
needles. There are three kindsof seissorswhich themicroacop- 
ist will find useful — plain, straight scissors, elbow scissors, and 
curved scissors. Theymustbe small, sharp andwellmade. But 
the most useful, aa well as the simplest instruments for dissecting 
ore a pair of needles, or, rather, a needle and a very fine 
spatula. The Deedles DRed are those ordinarily employed by 
Beamstresscs; they should be fixed in a light wooden handle and 
carefully polished. The latter is a most important point, for 
it will ho found that ordinary needles are too rough for deli- 
cate work, as may be easily seen by examining them under the 
mioroBcope. For microB(x>pical purposes needles are made 
both straight and curved — the latter being a very uaeful form. 
In order to bend a needle, it mast first be heated in the fiome 
ol a candle, then bent by proper pliers, after vhiah it must be 
carefully re-tempered. There is little danger of getting it too 
hard, provided it ia not burned. After being hardened it must 
be carefully re-poliahed. The haudles should be light and 
smooth. Ordinary penholders make good handles and cost bnt 
a trifie, bnt in case of need any piece of straight-grained, light 
wood will answer. Universal handles, handles with ferrules, 
handles wound with thread, etc,, look as if they n 
mon articles, and are purchased by many, but no working mi- 
erosoopist would give them table-room. All the ao-ealled uni- 
versal haudles in market are too clumsy and heavy. 

In using needles or knives for dissection, they ore genera' 
med in pairs, that in the right hand being used for U 




\ cutting, while the one in thu left hand is used for holding 
I object firmly in its plaoe. For the hitter purpose, however, we 
I prefer a very narrow spatula, ciured aiid highly polished. 
t CitrTe<1 needles, with the curve placed Hat, anawer very well, 
I however. 

I For the lemoTal of loose matter, and for arranging poita 
whioh have been dissected out, there is nothing more naefnl 
than good camel hair pencils. ludeed, they are iudispenaable, 
and with needles and pencils — two of the simplcet and cheapest 
orticleB — it is posnible to do almost everything. 

Dtiring the procesB of dissection the object must be supported 
I upon a gksHplat«or adissectingpiua, aocordingtoitasiBe. fiome 
I of theflnestpreporationshavebeen worked upon ordiuaiy slides 
I three inches long by one wide, and as it is almost always neom- 
I ury to have the object covered with liquid, a single drop snf- 
I fioes in this case. But where larger objects nre to be dissected, 
[ ordinary slides are not large enough, and besides there is no 
L provision made for holding a sufficient quantity of Uqaid. 
I Torious kinds ot dissecting dishes or pans bava therefore been 
I devised. Those used by the author are exceedingly simple 
L And cheap, and nre shown iu Fig. 33. We use tliiee kinds, 
L ^ J— two with opaque buttoma, and oiu 

^^^f^f^^^^sS^t^ ''^ whiob the bottom is transparent 
^^U^^^^t^Z-^^"'''^ '^^^ latter is used for objects whidb 
^^P^^^^T,,---'^''^ are transparent, and is precise) j like 

■ '•^ --^ the others, eicept that a portion 

m Fig. 33. of the metal bottom is cut away and 

ft a piece of ptiit« glass cemented over 

Btiie aperture. Those used for opaque objects are simpl; 
roblong tin dishes, each two inches long, one and a qnoitec 
VWide and half an inch deep. The bottom plate eitenda on oaoh 
Bide, M aa to form rests for the lingeis, by which the pan tokj 
^ne kept sleady. Into this pan is poured a mixture of equtl 
Bparta of reein and b««swai, softened if necessary with « littlt 
■hid. It should be just so soft that a pin may be easily Biocik 
^■nloit, and this affords us the means of pinning out thediflereiit 
^nits of a ilissc^tion as we progress. In one dish the -wax tl 
^■dnnd bUck with lampbtaok, and this forms a wonderfnUj 
^HUfanJ^^^ g"'"T"^ for sioat objectsi the vas. iu tbAj^t^L 
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pBQ is white, chalk or milphate of baryta beiug Bubstitnted for 
lampblack. The pan with a traiiBparent bottom is of precisely 
the same size, eicept that the depth ia but half ae mnch — the 
extra depth in the other pan being filled with wax. A quarter 
of an inch is a eufCcient depth of liquid for most objects, and 
vhen the eides of the pan are higher than nece-saary they inter- 
fsie with the uae of knives and needles. 

Dissections may also be carried on in wateh-glassea, thongh they 
are not quite as convenient os pans with perfectly flat bottoms. 
The kind known as lunette glasses should lie chosen, aa they 
are flat in the centre. When a watch-glass is used for this pur- 
pose, it ifl necessary to cement it into a hole cut in a thin piece 
of wood about four inches long, and of a width which ia rather 
greater than the diameter of the glass. 

Most of this work ia, of course, done under a simple miciO' 
scope. The Excelsior, when screwed to a larger base, as de- 
scribed on page 2!F, answers very weU. Larger and more ex- 
pensive dissecting microscopes are supplied by most optioians. 

In addition to these general metliads, whioli are spplioable 
to a great variety of subjects, there ore a few special prooesaes 
vhicfk must be adopted in particular cases. In some instances, 
aa when the line ot investigation is a new one, the niicroBcop- 
ist must work out his own processes, but the following special 
oaeea will probably prove interesting to beginners. 

It frequently happens that the objects for which the mioro- 
goopist is searching are found mixed with coarser materials, 
and in this case it will be found possible to effect a separation 
by the process known as elufriatimi or washing. Mix the mat- 
ter thoroughly with water in a tall jar and allow it to settle. 
In a short time^ — say one minute — the very coarse partdcles will 
have fallen to the bottom, and if the liquid be now poured off 
and allowed to settle, the finer portion will be found in the 
eeoond vessel. By graduating the lime and carrying the pio- 
coBB out to its fidl extent, a wonderfully perfect separation may 
be effeeted. Diatomaceous earth may frequently be treated in 
tihia way to advantage. 

In some cases separation must be effected by bumiD( 
tutioa ot chemical agents. Ouano and various organic 
interesting residttas after everything soluMeK' 
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washed away and every tiling combustible baa been burnt eiUier 
irith fire or nitric acid. Bo too the ailioeooB cutiolea ot plants 
may be procured hy destroyiug all the other parts by ohemioal ' 
means. The best way is to beat them in nitria acid, aud odd 
to the hot liquid a small quantity of powdO'ed chlorate of pot- 
ash. The quantities used must be very small, and great oare 
must be exercised. 

1 frequently necessary to separate a small quantity of 
deposit from a large amount of liquid, filtering being inadmis- 
sible. For this purpose use a oonical glass or a large teat tube, 
allov plenty of time for the deposit to settle, aud give oooo- 
sionally a slight sUr, so as to detach the particles from Out 
sides of the vesael. Then pass a large dipping tube (one quar- 
ter of an inch in diameter) to the bottom, the upper end of the 
tube being closed with the finger. On withdrawing the finger 
the liquid and deposit rush in. Have ready a small ball ol 
soft cement (resin and beeenax equal parts, softened with oil) 
and with it close the upper end of the tube, which may nov be 
withdrawn, carrying the liquid with it. Place the lube in A 
vertical position, with its lower end on a slide or in a watok- 
glasa, and support it cither by means ot the riug of a smalt 
retort stand or by a simple wire having a ring (horizontal) ftt, 
the upper end, and a small piece of board for a foot. Beale. 
directs us to cork the tuba, but this is dilHcult unless the tubdi 
is made specially for the purjiose with a mouth like that ot & 
test tube. Tubes made in this way are, however, the most oon- 
venient, and a good velvet cork closes them perfectly. 

There is a class of insect preparations, which ore quite iuter- 
Bstingi thougli they are not as instructive as inferior prepare- ■ 
tioua m.ule by tbe prooeaa of disaectiou. We refer to the wholaJ 
insects found in moat Kollections. They are prepared by sook-fl 
ing the insect in liquor potaasfe, which may be hud from ajiJrt 
drugget; this readers the internal organs soluble aud the 
I kurny skeleton triinspareut. The viaKcru are then expelled "bfM 
mth acamelliairpencil, theinsect well waahedinp 
', soaked first in alcohol, and then iu turpentine, i 
y mounted in balsam. The points requiring attention ui 
i: Soaking just the rtgbt length of time iu the potash, (or i| 
long iu this liquid it will be dee 
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aOowiag plenty of time for the alaohal to diHploce tlie wEiter, 
and for the turpentine to displace the alcohol; nod manipula- 
ting the insect with great care, Boasnottobreakunjof theparts. 
The eyes of insects are prepared by innuerating them in very weak 
potash, and, while still Boft, prefisiug them between two ehpB of 
glass. If allowed to harden before being pressed they will 
split at the edges. The handsomest preparations of eyes are 
obtained by taking a thin slice from a large eye, such ob that 
of a dragon fly, and treating it as directed. 

The feet of insects are in general easily prepared. Moderate 
Boakiug in potash, eareful washing in water, thorough soaking 
in alcoholand turpentine, and careful management in properly 
displaying them on t!ie slide, are the aecrets of auccess. The 
student who wishes to make a carefnl study of these objects, 
however, should place them in glycerine, after soaking them in 
potash and thorouglily washing them. Tiiey should of course 
be deposited in a aell flUed with liquid, and then covered with 
thin glass, and examined. The ao-called tongues, etc., of in- 
sects require no potash, being sufBcientl^ transparent without 
it, and after being soaked sucuessiTely in alcohol and turpen- 
tine, they taaj be mounted in balsam. When wanted for exam- 
ination merely, immerse them in dilute glycerine, and if the 
student can succeed in mounting them in cells, in glycerine or 
some of the gelatiuousmedia hereafter described, they will show 
their structure to far better advantage than in balsam. 

In determining the character of what is brought into view by 
the processes detailed, great aid will be derived from the use 
of chemical tests. Thus, in the case of the potato, previously 
described, most persons who bod read anything at all upon such 
BubjectSiWOuld recognize theatarch granules. Allstarcb granules, 
however, are not of the same form as those found in the potato; 
indeed, some would hardly be recognized at all, except by those 
having considerable experience. But if a little of the tinctare 
of iodine be brought into contact with them, they at once be- 
come deeply blue. This subject is too extensive to be dis- 
d here, but those who desire to become proficient i. 

IB of the microscope cannot safely neglect it. 
D most oases after an object has been carefully bronght into 
ooUaaical oondition, in «o9 at ibs m^ w]? iwitltl 
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1 Ui ^ ^iT?l fiTTi'N \\n THE 

HiMiliiil. il i-i iiivi'^xiry (o iiiimonk* it ill Home suitable 21 

!^^^ iifi III itMuloi il K'Uuw inui (niu.s)iiuvut Tho action ^ 

iiiiuUii iiiiiji- l>o vriY wrll iHuHtniUHl by the following expe 

TaUn ik riliutt (luvo ot bliioiv Iiuixiiui liiiir, place it 0£. 

Iiiiii|^ il mill tuoiin uiul (t\aiiiiiio it. It will appears 

I -I 111 I with tl I IK hi 1 1110 ruiiiitn^ down the centre, and fr 

t-ii'tuiiii.-iiiiiiio huB iitiruMi (lio t«rrtuuHUi:i i>upiihur idea in r*e 

Mm luliiii.u nUiu-iiiMi ui liair. Appl.v rt drop of gljoez 

lull il Willi .ill iH|iiiil iMilk i>i' wiitor. iMid iigain examine r 

ii|i|it:uiiiiu-ii will liii\ti (MKirt'ly rlmiiK^'tU having become 

iiiitl iiitiiti .li'iiiiiir, -.il (hill tho stnictnro of the hair 

iumiiy iii.uir oil I. riiiri I'lVi't'i lU'iu'iiiU iipuu the refracting 

iii lli«i liiLiiid iiMi-tl. i'lio lolKiwiiiK liquids ai'e tumally en 

[^ i«>i iiii,i |iiii|iMnii, thru liUiMciu'.v hoiuK iu ^lirect ratio t 

'. iiuli-.- lit II ii.iiiitiii. whu-h \>o :ip|HMid to euch. Water 

/- H^i^'i'd iUf:Lto lUMil, I iS; aU'iihol. I.:t7*2; vitreous homooi 

mui wiiit:!, i.:u;i; iu|iiiil puitNoi" j;:l}c'oriue and water, 1.4 
= ; Kl>«'''^nin, 1. i.'n, ml .ii tur|u>utiiio. L.4T8; Canada 

I'l/i*.'. L.iUi; liiMil|ihido ui I'tirluui. l.tiTS; oil of annifl 
AU-i>litil and wiiiiu, iiiid .ohitiiuiM oL' viiriuus salts in w 
idho vttv iiriiiiil. \Vhi»ii :i piirn aitiolo i)£ glycerine is nc 
uliU^ a .-iiilulidu oi' whili) .sii^vir may hiMisod with goodrtf 
lirral i-tiin iiiiinI lio t^vr-n'isiHl li*Ht thti iluid that i 
.should i*hiiiiK(> il»o tiuiii orstriti'din* i>t the object Up 
.sithji'^t (ho I'tMiiarkH III It'rny aro vrrv judicious. Sesays: ** 
i-ii(iiii'ttH thai oai'h i'luiMituiMit o( tho body shoold be ea 
Lu H iliiid iiii'diiiiii whii'h rt«H4<inbh'rt in respect to qua 
^ iiuaiitity, tlu*. tliiiil whii-h .siihiraU»H tho living tissue. N 

this ri'iniirtuiii'iit. i-iiiiiii>t bo i-omploti'ly fidliUed in praoti 
i' aim slum Id bo to lipproiifh it us iioiu'ly as possible. 

^ vitrouus huiiioiir, luiiiiiotio liiiuor. SiTum and diluted fl 

tiro {<t'uoraJly nvummoudcd us suitable media for the in 

^ tiou of delicttto cluiiigi'ablo tissues, luid, in certain cas 

HI accomplish their object in a satisfactory manner. But 

expect them to suffice for every ouse. Not unfrequei 

and the same tissue of dilVerout species of animals react 

^ with the same fluid medium, as may be seen "w 

^rpuscles. M. Schultze has communicated to m 

id readily proved observation of Landolt's, tl 



malflitiilB mii^r be preaerved from decompodtion for a long time 
b; the addition of a email piece of camphor. " 

Si^bultize recommeuds as a neutral fluid, suitable for most 
tissues, a liquid which he calls "lod-serum." It consists of the 
umDiotio fluid of the oaH, to which has been added a concen- 
trated tincture of iodine or a strong solution of iodine in the 
proportion of sii drops to the ounce. The color of the solution 
is at fb-st wine yellotr, but after a few hours it becomes paler; 
this paleness afterwards increases, and the subsequent addition 
of a few drops of the iodine solution becomes necessary. As 
the amniotic fluid is not always attainable, a good substitute 
may he prepared by mixing 1 ounce white of egg, 9 ounces 
water, oad 40 grains chloride of sodium, with the proper pro- 
portion of tincture of iodide. 

During the entire process of preparation, the greatest atten- 
tion mast be paid to cleanliness. Particles of dust, which to the 
Ttnasatsted Tision are invisible, become offeasively prominent 
under the microscope. To exclude these, and to protect the 
objectSi it is important that the latter ehoiild be kept corefullj 
covered when not actually undergoing some operation. Small 
bell glasses are recommended for this purpose by Dr. Carpenter, 
and they answer admirably. We prefer, however, as being 
cheaper and less bulky, watch glasses to whicii a handle Las 
been cemented as shown in Fig. 3i. The 
y^?^^^^. handle may be a little knob, turued ont of 
t^ -atS^- J a piece of wood, or where this is not conveni- 

^^^*^^^ ent a small cork will answer. A little sealing 
Fig. 31. wax nerves for a ccnieut, the watch glass be- 

ing heated before the was is applied. Fliit 
plates of glass answer welt to cover the dissecting pajis previ- 
ously described. 

When a number of ohjectB are to be protected for some time, 
we place them on a piece of plate glass eight inches square, 
cover each with a watch-glnas cover, and protect the whole by 
means of a bell, jar with ground edges. The latter fits closely 
to the ptiite glass and excludes everything, while the small co" 
protect the individual specimens when the large i 
for the purpose of getting at them. 

gingnlar mifitakes have arisen from the Ittot that i 




iHidics which laire ncndentatlj- fontkl their way into a pf 
•- n hare been mistAlEen far pATi of th* apeoinieii. 'ihm 
y to »»oid simiUr enon is to exclude aJi each 
ansol proper coTera, uid to become famil'tu- vilhl 
that they ihbj be tDstantbr recognized wben presenL 
givM the foDowiog list as thoee that are most apt to: 
WBjinto the preparations of the micn^ecopist: "' 
milk; starch from the poUto, whe«t and rice- 
fenthera; worsted; fibresof flax, cotton and ailk of: 
colors; htiman hair, cat's hair and hair troia blabkets' 
of bntterfliea and mothe, particnlarlj those from th«i 
clothes moth; fibres of wixtd, fragments of tea 
from plants, ve^tablecellnlnr tissue and spiral Tessel^l 
ot sand. The cnrioua circumstances nnder which 
will find their way into a sjiecimeD was recently ilhiatrated 
anthor's experience. In a liquid aabmitted for eiamiMtiol. 
nndsaid to be pure, he foniid foreign matter. Jt prored lult 
brick dust, nsed to clesn the tin fnnnel with which the i«4 
was filled, and which had been waslied in by the 
the fluid. The student can have no better exercise tinib 
ex»miue these intruders ond familiarize himself wiUi thai 
pearanee. 

PreserratiTc Processes.— The object of all pioa 

tive processes ia to prevent any change either in the atmd 

T oompoaition ot the object. An object may be most perfedlj 

prepared and beautitully mounted, but if it be not so treald 

I ftB to preserve it from change, tliekbor thus expended is wastei 

[ards the preservation of a permanent record. And Jft 

nany objects there are that we would like to keep bx 

i examinatiou aud compariaou, or to show to friomfe. 

18 department of the treatment of object* is. tLerefoic, d 

i importance, and succesa in it can only be obtaind 

ragh ft thorough tin dera landing ot the principles 

3 four methods iu common use for t!ie pTeaem&t 
gjorishable animal and vegetable RiibBtnnces; 1, Constanta- 
Tfl to teiopsratwi^e considerably below the freezing point ot 
9. Die perfect eiclnaion ot air; 3, redaction to a state ol 
>; and 4, the employment of certain, iiiili mKM' 
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componnd. The third and fourth are the metliods naually em- 
plojed in microBcopy, but the aame principled which render the 
Becond method so suceessfnl in the preservation, of canned fruits 
mid raeata, deserve the attention of the microscnpiat. 

Drjing, as s preservative process, can be applied to but few 
epecimena, chiefly transparent insect preparations, and opaque 
objects. Blood and similar msittera are also sometimes pre- 
mrved bydrying. Such preparations are so easily dried that 
nospccial directions are needed. Warming them overalamp, 
orpreferably on a water-bath, before applying the thin glass 
oover (as directed in the section on mounting objects] is al- 
most always sufficient. Where the specimen is liable to be in- 
jured by heat it may be dried by placing it over sulphuric acid, 
and ooveringboth acid and preparation with a bell jar having 
gioimd edges and resting on a perfectly flat plate of glass. The 
acid soon absorbs all the moisture and renders the object perfectly 
dry. Where a cell is used for an opaque object, and dryness is 
essential, great care must be taken to make the cell impervious 
to nil, othemiae dampness \vill be sure to penetiate, and if tko 
object be otonima! or vegetable origin, fungi will be very apt to 
grow on it. We have found cells of cardboard peculiarly 
liable to this defect, and suoli cells should always bo thoroughly 
saturated, and coated with varnish, such as gold size or Canada 



The great dependence of the inicroscopiHt, however, is in the 
employment of certain preservative media, of the moat impor- 
tant of which, the following is a list: 

Canada Balsam, -^f all the media employed for the mount- 
ing and preservation of objects, Canada balsam is undoubtedly 
themostgeneraUyuaefuI, audit is probable that more objects ore 
mounted in this material than in all the other media put together. 
Ae a presernaiiTe it is perfect, and its action in rendering many 
objects transparent and clear is often of great value. Frey tells 
us ttat " several sorts of Canada balsam occur in commerce. 
To be good it should be of thick consistence, nearly colorless, 
and thoroughly transparent." One difSculty, howeve.- 
mnch of the Canada balsam tliat is euld is factitio' 
oade of cheap resins dissolved in impure turpeat 
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balsam aoon becomes clondj, unil is vei^ apt to crock. SalsBm 
tljat is too higUly colored may be Lleaoheil by eiposuie to son- 
ligiit — a proceiM applied by most opticians to the balsam used 
b; them for cementing the lenses of achromatic combioationa. 
Balsam when new is quite fluid, too mach bo, indeed, for the 
mounting of most objects. On the other Land, old bolaam is 
thick, and is apt to crack. MicroBcopists generally keep balsam 
in wide-monthed bottles, and take out what is wanted by means 
of a glass rod. As the process of eraporatiou, which makes 
balsam thick and viscid, goes on more alowlj in uarrow-moathed 
bottles, we prefer the latter, and transfer the babam to the gloss 
slide bj means of a fine wire with a small loop at the end. The 
wire is passed throagh a cork, or preferably a wooden stopper, 
and descends to sach a depth as to be just below the surface of 
the balsam. As tlie latter is used up, the wire ia poshed down, 
and if cemented in its place by the balsam, a little heat soon frees, 
it. The latter rem oi'k applies also to the wooden stopper, which 
is very apt to stick in the neck of the bottle. A very slight ex- 
posure to the dome of a spirit tamp is sufScient to loosen it 

Soi.cnos OF BAI.SAM. — When the objects that are to be pre- 
served in balsam would be iujm-ed by the heut necessary to 
melt it, it is advisable to use a solution of balsam in ether or 
chloroform. The balsam used tor making the solution shoidd be 
old and thick. This solution is frequently sold with the lubel, 
" Balsam for use without heat. " 

Coix)PHONY. — Thiersch recommends a solution of renn or 
colophony in absolute alcohol. Tlie advantage which this ma- 
I ttsial presents is that the prepnration may be placed in it di- 
L reotlyfrom the absolute alcohol, without becoming cloudy, 
k end without prejodice to the durability of the spccimoii. Ha 
[ kdrises the microscopist to prepare the colophony himself from 
I -Ifm^eA turpentine, which is done by di^tsolving it in an equal 
i *nfi of ether, filtering it through paper, and evapor&ting, 
I >en cold, it breaks with a oonchoidal fracture. Tha 

a tkeu to lie dleaolved iu absolute aloo 
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^H Damab Medium. — Gum damar has bBon recently intrcwlaoed 
^Kgjanongst the miiteTials used by microscopists, and nith Borne it 
^ lias found great faTor. Carpenter Sf«aka highly of it. Dia- 
tomn are said to show bett«r in it than in bajaam, and for 
deliwito physiological preparations, especially transparent in- 
jectiosB, it is very eicellent. It is thus prepared; Half an 
ounce of gum damar is dissolved in one ounce of oil of turpen- 
tine, and half an ounce of gum maatio in two ouncea of chloro- 
form. The solutions are filtered and mixed. 

Ordinary damar varnish, stich as is used by painters, is some- 
times sold (or microscopical purposes, but it does not give 
satisfactory results. 

Preparationa which have been preserved and mounted in 
balsam or damar are very durable, while those that are 
mounted in fluids are a source of continnal annoyance ajid loss. 
Many microscopists, therefore, exclude from their cabinets 
all preparations mounted in hquid on the ground that sooner 
or later they will become worthless. And many of our best 
dealers refase to hare anything to do with them. Neverthe- 
less, as Frey well says, " the natural condition of the tiasuea is 
completely represented only when mounted in a moist condi- 
tion. This metliod permits of the most accurate recognition of 
delicate teitural relations, pale cells and fibres, etc., and should 
sot be omitted with any tissue in the production of histologi- 
cal oolleotions," 

Olycswss. — At the head of the list of preservative media 
for moist preparations stands glycerine. "Its strong refrac- 
tive power, its property of combining with water, and of al^ 
tracting the same from the atmosphere, render it an invalua- 
ble medium for mounting animal tissues containing water. 
It may be truly said, that what Canada balsam is to dry tissues, 
glycerine is to muist ones." — (Frey.) Much of the glycerine in 
market is very impure, and although the impurities do not 
show themselves very strongly at first, they soon become mani- 
fest by the darkening of the liquid, (owing prolmbly to the 
presence of lead), and the tormutioa of a cloudy precipit 
Dr. Bealo strongly recommends Ptka'e. ^■^i«^-Qe.,raA.-^s^ 
^^oand it very exoelleuL 
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^g-tvi.-ct* » A yzvseirative, glycerine is used either 

«Avocz^ to circumstances. Equal parts of 

.«iC 5«csi a very excellent medium for most 

, ^ - . >> «-.-i^»fc iowever, that fungi are very apt to grow 

^__, — **. i» Ablutions. We are inclined to believe 

. **-. -v ■* *"-ri>.Vd by adopting the precaution detailed 

. < ** ». *i-* Hfcsion. We have now before us specimens 

^ .^^..■Musi.tAt ut pure glycerine and water, eighteen years 

^-. <«.r «w <ft'-l quite perfect If, however, there should 

w«^^ ^* ^^ direction, the addition of a little camphor 

^,.. .i^fi iw *vil. Glycerine exerts a powerfully solvent 

^ . « •»H^v «^^ particularly salts of lime, such as the car- 

^^^ ^^ i«ra!v.vit is employed for preventing scale in the 

^4K«xc-^iigincs. This property renders it dangerous 

Cv '«l<e preservation of structures containing com- 



.VT }viXY. — The original directions given by Law- 

^^ «» ***IIow8: " Take any quantity of Nelson's gelatine, 

^,^^ >!tfW*uno will answer, however,) and let it soak for 

ijkctf^ hours in cold water; pour off the superfluous 

heat the soaked gelatine until melted. To each 

of the gelatine add one drachm of alcohol, and mix 

^ ^Mt *dd a fluid drachm of the white of an egg. Mix 

-««bair ihe gelatine is fluid but cool. Now boil until the 

ciMigulates, and the gelatine is quite clear. Filter 

^e flannel, and to each fluid ounce, of the clarifled 

^d six fluid drachms of Price's pure glycerine, and 

^^ For the six fluid drachms of glycerine a mixture of 

^ .g^t^ of glycerine to four of camphor water may be sub- 

^Mtfrine j^Uy ^ ft ^^^ excellent medium, and is easily used. 

.^^j^jH^tfy temperatures it is quite solid, but when slightly 

^^ it melts, and may be used like balsam, directions for 

' g in which will be found in the next section. Objects 

to be mounted in glycerine jelly should be soaked 

•nghly saturated with a mixture of 7 parts glycerine, 

id 1 part aioo\io\. It is also well, after immers- 

lelted leUy , to ^\aA& V^«k ^<^^ Vst ^ ^^-t^^ \»voa.e 



on a water bath Leated to about 125' Fah, The jelly then pen- 
etrates every part of the prepBration. 

When intended for use in Tery warm cUmates the proportion 
of the gelatine to the other ingredients should be increased. 

Hantzsch's FiitriD. — Very beautiful preparations of delicate 
vegetable forms have been prepared with this UqAiid, even the 
coloring matter jjeing left unnltered. It consists of 3 parts of 
pure alcohol, 2 ports of distilled water and one part of glycer- 
ine. The object, placed in a cell, ia covered with a drop of 
this hquid, and then set aside under a bell-glaas. The alcohol 
and water soon evaporate, so that the glycerine alone ia left, 
and another drop of the liquid is then to be added, and a 
second evaporation permitted; the process being repeated if 
necessary, nntil enough glycerine is left to fill the cell, 
which is then to be covered and dosed in the usual manner. 
We have nsed this hquid with gratifying success. It is easily 
prepared, is not difBonIt to use, and it gives very escellent re- 

Glycbhihe and Gvn. — Of this medium Caqjenteraaya: "For 
many objects that would be injured by tiie small amount of heat 
required to melt Deane'a gelatine or glycerine jelly, the gly- 
cerine and gum medium of Mr. Farrants will bo found very 
tisefuL This is made by dissolving 4 parts by weight of pickt^ 
gum arable in i parts of cold distilled water, and adding 2 parts 
ol glycerine. The solution must be made without the aid of 
beat, the mtxtnre being occasionallj stirred, but not shaken, 
whilst it is proceeding: after it baa been completed, the liquid 
ahould be atrained (if not perfectly free from impurity) through 
fine cambric previously well washed out by a. current of clear 
cold water; and it should be kept in a buttle closed with a glass 
stopper or cap (not with cork), containing a small piece of 
camphor. The great advantage of this medium is that it can 
be used cold, and yet soon visclfles without cracking; it is weU 
suited to preserve delicate animal as well as vegetable tissues, 
and in most cases it inoreasea their transparency. 
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it 'with. Bncoeaa. Take gelatine, 1 ounce; honej 

water, 6 ounces; rectified spirit, i ounoe; 
Soak the gelatine in water until soft, aod tlieQ ( 
hoQey, which htw been previoualy raised to a boilj 
ftnother vesael. Then boil the miKture, and when J 
Bomewhat add the areoBote mixed with the spirit. ^ 
ter through flne flan&eL When required foe use,; 
containing the mixture must be slightly warmed, 4 
placed on the preporiition upon the glass slide, wt 
also be warmed a littla Kext, the glass cover, af 
been breathed npoa, is to be laid on with the asi 
tiona. The edges may be covered with a coating 
wiok black. Care must be taken that the botE 
drop does not become dry l>efDre the appUcjid 
glass cover; and the inclnsioa of air-bubblee musi ■ 
avoided. M 

Alcohol. — Mixed with water in various propoiH 
forms one of our best preservative liquids, for bo^l 
vegetable substances. The chief objection to it is fl 
with which it is retuined iu the cell. I 

Thwaite's Fltjid. — Take water, 16 ounces; olcohd 
creosote, BuCBcieiit to saturate the apirit; chalk, as nM 
be necessary. Mix the creosote and epirit, stir in 
with the aid of a pestle and'mortar, and let the watei 
gradually. Next add an equal quantity of water satu 
camphor. Allow the mixture to stand for a, few days 
Used for preserving desmidiffl, and also animal subab 

Eeale'b Liquid. — Creosote, 3 drachms; wood I 
ouucQs; distilled water, 64 ounces; chalk, as mueh a 
Mix the naphtha and creosote, then add as mat 
chalk as may be sufSoient to form a thick, smooth pai 
wards add, very gradually, a small qaaattty of the m 
muBt be well mixed with the otber ingrediente ia i 
Add two or three btdivII lumps of camphor, and allonji 
ture to stand in a lightly covered vessel for a fortni^ 
weeks with occasional stirring. The almost clear ■ 
ilnid may thea be poured off and filtered if neoeaaaxN 
be kept in weli-corked or BtoppcToAbo^Uea. 
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Ooadbt's FmrDS. — Goadby used two distinct llnida, desig- 
iiat«d by letters A and B, the difference being that alum vaa a 
oonatituent of one and not of the other. Of both fluids thero 
were several degrees of etrengtb, wbich were designated bj 
nnmbers. A fluid, as nsuallj employed (A2), consiated of rock 
salt, 4 ounces; alum, 3 ounces; eorroaive aublimftte, 4 grains; 
boiling water, 2 ■ u rta. To make the B fluid take rock aalt, 8 
ooncea; corrosive Hubliinute, 2 grains; boiling water, 1 quart 

Pacini's Fluid.- — Take corrosive sublimate, 1 part; pure 
chloride of sodium (coiiimou salt), 2 ports; glycerine, 13 parts; 
distilled water, 113 ports. This mixture is allowed to stand for 
at leoat two months. Alter that time it is prepared for nae by 
mixing one part of il with three parts of diatilied water, and 
filtering it through Hltering paper. This fluid is very strongly 
recommended by Frey. It ia used for blood globules, nerves 
and ganglia, the retina, cancer cells, and especially delicate pro- 
■teinona tissues. 

Oastok Oil. — This ia used for preaerving certain crystals. 
best cold'drawu caator oil answers the purpose. 

There are a few general rules which we have found essential 
to the successful use of these media, but which are often 
neglected, the result being the ultimote destruction of the 
Bpeoimens. One of the most important points ia the use of an 
abundance of the mediuia {we ore now talking of preaerving, 
not mounling) acd the gradtial saturation of the object with it. 
A piece of fresh muscle, simply mounted in a shallow cell with 
a drop or two of Goadby's fluid, will spoil in b very short time. 
The same object, properly treated, may be preserved indefin- 
itely. The proper course is to completely immerse the object 
in a oonaideroble quantity of the liquid, and if necessary 
oliange the liqnid several times until the fiubstiiuce to be pre- 
ierved haa been thoroughly BubjtK;ted to the action of the 
medium. For this purpose the quontity contnir 'jaary 

oells is altogether too little; small cups, basil oh- 

gl&aaos, etc. , are needed. It must be remembel ^ 

atanoe acted npou generally absorbfl cecta.i\^ e<» 
iug fluid, and boncQ th& Xoitex \a W^. 
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or there ia an unequal distribution of the oonatitaents as re- 
gar<Ia the Bubstance itself and the BurrounJing fluid. Moreover 
the fiiiida ooutained in muny objeats are dinplaced by the pre- 
serving medium, and teud to dilute the latter. In moet cues, 
therefore, where the preaerruig medium ia a liquid, the desired 
result IB beet attained by aonking the substance in the fluid for 
several days before mounting, changing the liquid two or three 
limes, and Snaliy mounting in fresh fluid of regular strength. 
We would lay great streas upon this point, having seen many 
fine preparations spoiled by pursuing a different course. The 
lat« Dr. Ooadliy, whose skill in this department was well 
known, always insisted upon this course, and during a some- 
what extended intercourse with him, and observation of his 
methods and proeesaes, we became fully convinced of its im- 
portance. 

With many preservative liquids, it is well to begin with a 
diluted article, and gradually increase the strength at eaoU 
change of fluid until the proper strength has been reached. 
This course is epeoially recammQiided with glycerine and saline 
solutions. 

Another point which demands attention is the entire exoln- 
sion of air, especially of oxygen. Now air adheres with great 
tenacity to most surfaces, such as those of glass or metal, and it 
dissolves to a considerable extent in all watery solutions. To 
get rid of it, the surface of the cell and cover should be either 
well warmed, and then allowed to cool just before being filled, 
or washed with alcohol (after which it may be dried). ~ 
pel the air from the liquids, they Bhoald be boiled, and to pre- 
vent the absorbtion of a fresh dose of air, they should be kept 
nell stoppered. But as air will iiud access to the liquids 
ultimately to saturate them, it is necessary to boil the fluids at 
Itequent intervals, so as to get rid of this element Withont 
L strict attention to these ijoints it is almost impossible to pre- 
6 animal eubstanoes for any length of time in saHue fluids. 




Oliipcts,— For the purpose of conveniently I 
Omparing objects, and arranging them in cab- i 
[oaa be at all times accessible, it is necesaaij to 
•— ^^ in Booli a manne'c \iitt.\. \\ib^ towj \i* ewQ; J 



Iiandled. For purposes of mere examination and study, 
mounting is nnueoeaaary, bat when the objects ace to be kept 
for future reforence it ia indiapenaable. It ia true that where 
the specimens are hirge they might he kept in bottles in a pre- 
servative fluid, and taken out wheu wanted. This would be 
very inconvenient, however, and with very minute or deUcate 
objeots it would be almost impracticable. 

There are three modea in which objects aie mounted: 1. Dry, 
the object being simply attached to the slide and suitably pro- 
tected. 2. In balsam, the object being immersed in Canada 
baUam, damar medium, copalivamish, or some similar mate- 
rial. 3, In fluid, the object being mounted in some of the pre- 
Bervativo liquids previously described. Specimens may bo 
mounted in any of these ways, so as to be viewed either as 
transparent or opaque objects, and the inatiumeuts and mste- 
riala required are neither numerous not espensive. With those 
named in the following list ahnoat any ordhurry object may be 
neatly put up, though it is of course to be expected that oeea- 
Bions will frequently arise when KjjeeinZ instmments and 
methods, which are not described by any author, will be 
needed. Experience alone can enable the mioroscopist to treat 
such oases successfully. 

BiiiDES.—Most objects are monnted between two pieces of 
glass, one of which is called the slide and the other the corer. 
As it is convenient to have these sUdes all the same size, so that 
they mayabe easily arranged in cabinets, the Microscopical 
Society of London has adopted a slide three inches long by one 
inch wide as the standard size for use amongst their members, 
and this siee has been generally adopted by microscupiata 
tlironghout the world. All the best slides that are found iu 
market are of this size, ajid the microscopist who faUs to adopt 
it will be subject to great inconvenience when he desires to ex- 
change objects with others who are pursuing similar studiea. 
Several other sizes are employed by the French, most 
being qnite small (2) by 1 and 2] by |), but as thesesi 
are the only ones that can be used with some YteB 
scopes — the itngesof which are too small to takew-sJi* 
^^y are usually kept in stock \jy Oi.<s»i«taYi 
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atiis. Small alides have this fidvantage, that tbry coat lew, and' 
take np Ibbb room in a. cabinet. Liirge slidea look beat, and af- 
ford more room for descriptive labels, wliich is an importaslr 
polat. But eince elides B 1jj 1 have beea adopted bj d< 
uonsent, the mioroscopiet ivho mounts apeoimeus, or who boys 
objecta mounted on slides of a different aize, c 
take tor which the ailvaiitiigea offered by the Hmull slid^a are 
but a alight compensation. The onlj exceptiona to this mla 
are where the objects are too Urge to be mounted seoarely cm ft 
slide of standard size, or where a largo number ure to be [ 
pared for the purpose of ilhiEtrdting some special series of in- 
vestigations. It is to be presumed that such a hi 
be broken np and separated, and as it will in all probability ha 
assigned to its own cabinet, it is sometimes ol advantage to 
huve it upon slides of a size other than that in common 
As the objects composing such a series will probably be i 
bered and catalogued, there is no necessity for extended de- 
scriptions on the labels, and therefore shdea of half the nsual 
aize (U by 1) will BerTs vfiy well. The cabinet runy tUno bo. 
reduced in bulk by one-half. We have a special cabinet, illue- 
trative of textile flbrt's, mounted upou slides of small size, and 
find it quite convenient. 

The gloss from which slides are cut should be free from air-' 

bubbles, scratelies and that wavy appearance which is due 

either to inequalities in the sui'fnce or to irregularities i 

composition of the glass itself. Oi'diuarj window glass is en- ' 

tirely unfit for the purpose. The most suitable ld«d is plate 

glass, the surface of which has been ground and polished, so aa 

to be perfectly even and smooth. Glass of this kind is need for 

looking- g I aasea and by photographers, and when other material 

could uot be had, we have made very excellent slides ont of 

^ broken looking-glasses and photographer's plates, though ik ia J 

k diillGult tu get the latter thin enough. Slidi'S of good glan^ 

I are, however, manufactured in quantity and sold at a reason*! 

Itfblflprloe, BO that nuder ordinary circumstances it will hardljl 

F ijf the mieroscopist to cut out his own slides. Moreover thffV 

' idos flold by the dealers have the edges neatly ground, aal 

•tuUoa which the microaco^vt'l'vnU.fiud tedioua and troabla<l 
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As pwwurwl from llie manufacturers, tlia slideH are always 
T Laving been waalieil after tLe process of grinding 
E'Bntl polieliing the edges. If this diit were soft it would not 
matter so much, but it is iu general hard and grittj — being in 
fact the grindiug sand — and the consequence is that the Bnrfaces 
of the slides are very apt to be seratched and injured. There 
is but one firm that exports slides to this countiy, and thej are 
very careless in this respect. Out of a gioss of slides it is often 
diffiault to find two dozen that are nut so scratched as to be 
worthless for the finest class of work. Having- procured the 
slides, however, the first thing to do is to o'.'au and assort 
them. They should be cleaned by being riosed in water con- 
ttaning a little washing soda; the dirt being removed if neces- 
sary by the use of on old nail brush or tooth brnah. Until 
this haa been done they should not be wi^ed with cloth or 
leather, for by so doing the particlea of sand are dragged along 
the snifaoe, making a deep mark. They should then be washed 
in pure water, carefally wiped with a soft cloth, and assoi'ted 
for thicknesa and quality. It ia in general best to sort them 
into three classes — thick, medium and thin — the latter being 
nsed for test and other very delicate objects. Elaborate instra- 
mente have been devised for measuring the thickness of the 
slides, BO aa to assort them accurately, but they are entirely un- 
necessary; the eye is a sufficiently accurate guide. To deter- 
mine their quality, they must be examined under the micro- 
BOope, and aa itis only the central portion that is of any con- 
Beq,nenoe in this case, we place them on a brass plate, 3 by 1, 
with the edges slightly turned up, and having a hole five- 
eighths of an inch in diameter in the centre. That part which 
lies over the hole is the only part which it ia necessary to es- 
amine. Slides which contain nir-bubbles, strisa or scratches, 
|^M?e at once laid aside to be used either for opaque objects or 
^^boae of a very coarse kind. Those that are perfect are care- 
^^Kly stored away where they will not be subject to injury. 

iP^COTEEa. — After being properly ari'anged on th«- -'•'■'■« with a 
'' snitable preservative medium, the obji'cts musti -ith 

A small piece of thin gloss. Glass intended sq 

piupoBe is made in England, aiLtV V 



•' •- •*; ■.:i.'^* uid .iTjitis of ^suitable sizes. DirectioiiB for 
■■ '^ ' >t ■ v; rs Tiii^vi w I nit of place here. The beginner 
» . .»:."» ::*. . ; :u. M .vrm. nuoai to buy them ready cut. Of 
■%» X. ...^— .:•.::; ; .a;a Mjujxe — the former iire, for all ordi- 
!..» ..: :■' >» >, ;:f' :u'. >t .V uvi-nii'ut. :is covers of this shape are 
i.^% ^ ;.. ( vi ' J « t .Is :u;i«.'»e 'cr:tli the niru- table, and they may also 
<. !:i>..- a :u> rt* t^r.v ^;,l neatly :hau the square ones. 
■.". » I !?• >,;i .-...'; \ .'iin-tv.lly .issi>rtiHl for thickness, since the 
..%j-iv* . :.i- . V, 7 i»x.-r!.«* .1 materiid iniiueuce on the per- 
il. »o .'. \-.i>«s ;-xcirt thiise of the lowest power or 
.....* W ?.t rt' , . \^ : :'■.-« vi.ii'h do not adjust for thickness of 
» »i . .ir . !:■;•. v. ,';. -:■.<» '^luT-siVMiiiit dhouid dnd out the esact 
• . Ni-. .>* i- n -.vii ::'.. y .;avi» biM»n corrected by the maker, and 
M. , »>* .'i .i.,5i iiuxut^ss :a ^'orering all objects that are to be 
\- "Hi »\ ■r.v\ii:s .'; :':;i s«* >:ises. 

's vv \:v»-v ■.•.v^^l <t:;di n: ^"ill ^e apt to And some difficulty 

.v.»;t.;v;^ i-^ ^o vV V rs. T\wr are so fragile that it is difficolt 

V ■«.' ;•.■•'.. *%• u* :.* 7k-:ii»'v,» dirt, without breaking them. 

' ''v »vM ■•;* i".-..»i > %' s'ui rl.i'm in a weak solution of potash, 

, M. 'v!*; .•;V»':ir "i-'v <i-vri*;il times with clean Water, and after 

>■•■'••>; * \v' a>: n im* »':f. ^;ve them a final rinsing by taking 

■.:\iu :j* ■• I --a-.T .-: vr^vrs and moving them about in a tum- 

>vk4 v'l *••.* h:x ^^•l:%T. Hioy shvMild then be laid (singly, of 

x\MiNv ,«i« I x\-vi".:: >Uvlv ;uid wipetl. Wiping blocks are made 

*\^ vv*xvs'-j; I '..i; >U\k %^f w.vd with chamois leather or linen, 

xUn^tt '.'.k'*\^' "*' *** '^^ yrv'St-ut a dat but somewhat soft surface. 

I'^Xvvi^i \»'uvUn .ir\' j^'v./r.il'.y nuido round and with handles, but we 

»sv»v*t ilitui v'l'>u^ ^4 by ij inches) and ic^Aou^ handles. One 

vH '.lu'ui '.H ;.r.d v'u :l;o tabie face up; upon this face the thin 

^«4tei» \H 'a-.xi ;n!d \i-'4^-\l \i-;th the other block. In this way the 

^htimvvC ^uu^t oai; bo olo&ned without risk of fracture. 

V*fci I H Vv:;> V vw.E. —All objects that are mounted dry or in 

^Ul ^hvni'.vi bx» v".av'vd in colls, as unless this is done it is dif- 

lU K» rt:isv>\' tI;o v^bj*'ot properly or to secure the thin cover 

M%?t\i"^ ^''' '^''*^ majority of cases these cells consist of 

^^ jT.vu A vn\j;:ot' oomout laid on the glass slide and 

t. Jill*'", rtud their depth does not exceed the thick- 

— t v'*^ i^apor. Such ceUs are in constant demand. 
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and are almost always made by tbe microscopist bimaelf by 
raeana of a liltle inatriimeut known ns a (iirii-lalde or vhirlini/ 
table, of which there are BeTeriil diffetent forms \a market. A 
cheap and efficient form is showu ia Fig. 35. The table is enp- 
porte J by a spindle npon which it tnrDH, motioa being oom- 
mnnicatod by means of a milled ring. The elide ia held in iia 
place by two spring clips, and it is bconght to the centre by 
means of a guide or bar, c, with a equare projection. Tbia is 
carefully arranged, eo that a elide 3 by 1 shall be aocnrately 
centered. Heuce it follows that the rings and cells on all the 
elidee pat np by the owner may be metautly and accurately 




Pig. 35. 

centered by eimply placing them on the table and bringing 
them up to a firm bearing against the guide. This bar or 
guide may, however, bo instantly removed when desired, and 
when this ia done, (uiv cell may be truly centered by the usual 
methods. Tliis turn-table, therefore, enablea ne always to bring 
cells of our own make instantly to a perfectly accurate centre, 
while other cells can be centered at any time with very little 
trouble. 

To most turn-tablea there lies the objection that the devices 
foroenteringand holding the slide mnke one side hea 
the other, and consequently, iia every mecbanio 
lar and eocenlrio motion i ' 
well-made instruments it is, from this 
^ true oell, particularly if we attempt to v 




la tbo tnm-table jnst described, provision ia made to obriota 
this difficnlty. A heavy-headed screw, of the precise weiglit' 
neceasajy, ie screwed into the ander sarface of the table, utd 
giTefl a perfect balance to the wbeeL It then rtmB smootUj 

and tmlj. 
Niuueroua attempta have beeu made to prodnoe a self-centez- 
iog table, %. e., one in which till 
slides would be truly centered 
without reqniring care and diD' 
on the part of the operator. Oi)9 
of the earliest forms was that of : 
I Dr. Matthews, thecenteringpaitl 
_] of which is shown in Fig. 36. 
i^S Upon the snrface of the table b6 
airangeB two triangtdar plates 
of brass, which rotate npon [oni 
plooed at equal distances on each 
aide of the centre, and as the 
plutea are of the game size, when- 
ever their inner faces are par- 
allel, these faces mnst be equi- 
distant from the centre. Hence, when a slide with pantllel 
sides is placed between them, and the plates turned so aa tO' 
press upon the sides of the slide, the slide will be truly cen- 
tered so far as its width is concerned. It is centered for length 
b; a stationary pin, against which the end is always bron^L 
Slides of irregular size are therefore centered only one way. 

There are at present, however, before the publie, two biblei 
which centre eUdes accurately in both directions. One waa in- 
vented by C. Mason Kinne, of San Francisco, who describes it 
as follows: "As will be seen from the engravings. Figs. 37 and 
38, which are reduced one-half, the slide will be grasped antom- 
. ittioally, upon removing the finger from the lever, the spiral! 
'ivg cansiug the clutehes to instantly clasp the slide, anftl 
n it in a central position. One comer of either end of the ' 
Ha aiifficiectly for the purpose of taking bold with 
iiLilo the other is presaiug the lever, and can be 
'cdwitboiitpu&\i\aB lioB^ is. cwcular disc to its 
atosUvN mo-teiaeiA faoi^^.wa ■iudt 




Fig. so. 
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the clutches can graap 
any piece of glass from 
IJ to 8i inches ia diag- 
otial length, and the 
table is mode of brass 
about a quarter of an 
inch thick, which gives 
weight snfBcient to se- 
cure stability of move- 
ment. The whole reate 
nu a small spindle 4 or 
5 inches long, screwed 
iuto the centre of the 
brass stud, which is i 
fulcrum of the lev 
nnd can be removed at 
pleasure to pack away. 
The pointed lower end 
oE the spindle is stepped 
into fl connter-sunk 

metal rest, and with a collar placed at a suitable distance above 
to allow of free movement of the hand, I find that a steady 
motion can be obti:iiQed with the thumb and finger, of any re- 
quired vtlocity, and is nnder greater control than with any 
milled-hoad deTice," 

Mr, Kmne suggeats a very simple method of constructing a 
bome-made table on this plan: " The spindle can be fitted into 
any appliance, primitive or expensive, at the option of the 
worker, and I find that an oJd cigar box, with a portion of one 
end removed, is just as useful as anything else, though if mode 
for sale, a cheap varnished box oould be fumishad, and in 
which the tahle and spindle could be packed when desired. If 
fitted up with the cast iron stand, the whole might present a 
neater appeftrance, but the additional expense would not add to 
itsntihty." 
kBlides which have been imperfectly centered ui 

pieoentered tor varnishing by the use of two n 
~ n and n little wedge. The invenUifvi 
eotmaUik. 





the dntoliefl, tliua allowing tbe long aides to lie parallel to eocli 
other, and at eqnal distances from the centre. A slide may 
thnfl be grasped between them, and pushed along longitudin- 
ally, as may be deaired. 

Those who once see a tnm-table, will find no difficulty either 
in underHtanding the method of using it, ot in putting this 
knowledge iato practice. The slide, being held on the table 
either by springs or clutches, is made to reTolvo rapidly, and a 
brush, charged with cement or varnish, is held against its aur- 
faoe BO aa to leave a ring. There ia a alight knack abont making 
good cells, which it requires a Uttle praotioe to acquire. The 
brush must be held in the direction of a tangent to the ring — 
that is, it must not point to the centre of the circle, but must 
lie BO that the ring, as it revolves, will draie the cement away 
from the brush. Practice alone can give eipertness in doing 
this, and we would advise the beginner to work steadily for a 
few hours at making cells on pieces of common window glass, 
Btripa of which can be had for nothing from any glazier. Tlie 
diief points to be nttended to aie the position of Uie brash and 
the consistence ot the cement. It the latter be "too fluid, it 
spreads and does not form a well-defined cii'cle. If too thick 
it does not leave the brush as freely as is necesaary. The 
method of preparing the cement will be explained under the 
proper head. 




Where a tum-table is nob at hand, very good iwIIh i 
made as tolJows; Ou a card draw the outliuos ot r 
seriea of circles in the centre, as shown in I 
slide on the card so that the centre oC tUa cvcc^Mi 
caotro of the slide, and then if uu\, «. co^^^ftj^ 
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IiAKP. — Any Inmp, or even condle, will answer, bnl we prefer 
a spirit lump, the flame being free from smoke und eaailj man- 
aged. At night the kerosene lamp used tor giving light will 
Where gas ia iiaed, the BimHen burner ie o. great con- 
Whatever lamp or burner be used, it should be snr- 
inded with a chimney or shade, so as to prevent the flicker- 
of the flame by currents of air. The best shade is a tin 
cylinder, with rows of holes at top and bottom for the admia- 
don and exit of air. 

Rbtobt Stand, ^jx suitable retort stand ia a very simple 
BfTair, and is best made at home. Ours consists of a board of 
hard wood, 5 inehes by 4, into which is snrewed a rod fourteen 
inches long, and a quarter of an inch in diameter. The tings 
have no screws, but are simply piocos of wire, one end of which 
ie twisted round the rod, while the other is formed into a ring 
of the required size. Rings formed in this way are easily 
moved on the upright rod, but no weight placed on them in 
the nsual manner can cause them to slip down. 

Oahds fob Centebdjg the Objects. ^Unless the objeota 
are placed on the centres of the shdes, the latter have a verj' 
awkward look. By drawing the outlines of a slide on a card, 
and marking out tiie centre, th U difBcultyis easily o' 
A card marked off in this wa;^ is shown in Fig. 42. 

Ill is well to have two cards, one black with a white centre, 
and the other white with a black centre, as some obieota, ■«b^«. 
inunened in the medium in w\i\cii We-^ w% 'w.\y&-B 
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ahow bmt against a dark ground, while others are most tmSly 
seen against a light one. 'I'boHe who use the self -centering 
tarn-tables may readily centre their slides bj painting on them 
i ring of some iruter-color, whiob ia easily noshed off. Th» 
ring is, of course, laid on the aide opposite to that whidi 
leceiTes the object. 

UouNTDio Needles.— These are similaT to dissecting needles, 
bnt being used iu balaam, Tarnish aud simihir aubstanoes, they 
□annot be used for dissection, and should be kept by them- 
selves. They are most easily cleaned by being warmed over the 
lamp, and wiped with a piece of soft leather. When the balsam 
A burned on them, as recommended by some, it leaves a omst 
which is not easily remoyed. 

Cover FoBt'Ers.— In placing the cover on the object, the 
ordinary forceps are very inconvenient. Wa 
have long used a pair of forceps bent 
Fig. 43, and with the paints oarefnll; 
adjusted. The mode of using the inatrnment 
will be obvious from the engraving, A ve^ 
ingenious deviceintended to answer theauns 
purpose has been invented by Dr. Pletcher. 
These forceps are self-closing, eo that tbo 
thin glass cover is held without any effort. 
After the cover is in ijoaition on the sUd^ 
by pressing on the blailes they open and allow it to slip ont. 
If the cover should 
stick to the forceps 
n the slighteat de- 
gree, it may be pre- 
vented from moving 
when the forceps 
are removed by in- 
serting a common 
pin in the slit seen 
I iu Fig. 43. the 






Fig. 44. When using the foioeps 
le end may be attainted by moODS o ~ 

■pin ia aa good as anything), which mnj 

the nose ol fli& to^VimoiwiV 
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^V ' 8i,ir)H HoiJ>Bn. — The hot slides caunot be comfortably held 
^FiD tlie fingers, and therefore a pair of wooden forceps become 
™-» necessity. Thoae usually aold are miide by screwing together 
two thin slips of wood with a piece of brasa or lead inserted be- 
tween them at one eud. To admit the slide, the slips ore forced 
apart by pressing on pina arranged ua in the atage forceps. 
When placed on a table the 
metal counter-balances the slide, 
and kee[>s it from toaching the 
eurfacB on which it is laid — a 
very importnnt point. The Eng- 
lish forcopa, being all wood, fre- 
quently tip with a heavy slide. 

A common spring clothes-pin 
is frequently nsed, bnt when we 
come to lay the shds down, the 
clothes-pin holds it in aa awk- 
ward manner. The end of the 
hot slide is sn re to lie on the table, 
and if fluid balsam or other me- " 
dium sliould be present, the fact | 
that the slide is not level produces s 
bad results. By cuttingoff about " 
half an inch from one of the S 
limbs of the forceps part of the ^ 
yia, however, this difficulty is 
avoided. The slide may then be 
grasped in snch a way that when 
the clothes-pin is placed on the 
table, the glass will be held in a 
perfectly level position. A glance 
at Fig. 45 will show what we 
mean. A great advantage of this 
form of holder is that it ccsta but a trifle, so that the micro 
scopiat can supply himself with an abundance of them, an. 
thus several shdea may be cooling, while work on othera 4 
going on. When very heavy elides are uaed, it may \ 
netfoseary to screw a plate of sheet lead to the undet: todR. i;/ 
^tlwB^iu, sg H to preveai tipprnQ., 
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Wateb Bath. — A water bath is indispensable in those cases 
where a certain very moderate degree of heat is not to be ex- 
ceeded. Few persons folly appreciate the difficulty of regu- 
lating or even estimating the temperature of an object held over 
a naked flame, and mischief is often done before the operator 
is aware of it. A serviceable water bath is easily extemporized 
out of an old fruit can and a small beaker glass. This serves 
for exposing material and preparations to a temperature lower 
than that of boiling water. Where slides are to be so heated, 
the simplest contrivance is a flat tin box, with all the joints 
(cover and all, of course,) tightly soldered. A small tube, 
closed with a cork, serves to admit the water. 

Speing Clips. — One of the first of the needs which impress 
themselves upon the mind of the beginner, is the necessity for 
something to retain the thin cover in its place, until the ce- 
ment, which is intended to hold it permanently, dries. An end- 
less variety of spring clips have been invented for this purpose, 
but we have never seen anything that we liked better than the 
simple article shown in Fig. 46, and which we have used for 
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over fifteen years. It consists simply of a piece of brass wire 
bent ad iu the engraving. The slide being held in the left 
hand, the clip, held by the upper wire, is brought so that the 
projecting part of the ring is placed under the edge of the 
HJide. The upper part is then lifted up so as to open the clip, 
which is then slid on to the slide until the vertical point is in 
f he right position. When a broader surface than the point of 
1^ 10 needed, a piece of cork may be stuck on it, and if 
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there should be need for greater preasnre thaa that which the 
spring of the wiie oHfotds, this oan be obtidiied bj elidiDg a 
email brosa ring on to the clip. 

Torious other forms of spring olip have been invented, bnt 
none that we consider more simple, or thit we like better than 
the above, which has this great merit, that any one can make it 
for himself unt of materials that maj be obtained at any hard- 
ware stole. It must be borne in mind, however, that all clips 
Donatructed upon this plan are apt to cause a slight displaee- 
ment of the object, from tlie fact that the movement of the 
point ie not quite perpendicular. With delicate objects this is 
ft matter of importance. The only remedy is to use the end 
preBsnre of a rod moving in fixed guides. 



CEMENTS iND VAENiaHES. 

A sapply of carefully selected cements and varnishes is indis- 
p«DBable to the microHcopist, nnd it ia also well that he Bhoulil 
nnderstand the nature and properties of the materials nsed, 
otherwise he will be liable to make gross blunders. Thua. of 
the different articles in use, some are easily mixed with eaeh 
other, while others separate as soon as left to themselves; some 
dry in one wiiy and some in another. It would require a vol- 
ume to detail the properties of the different substances which 
enter into the composition of the cements used by the mioro- 
BOOpist We have space for only the following hints, which, 
however, we hope will prove useful. 

Cements become hard in three different ways — cooling, eviip- 
oration itnd oxidation. Shellac, sealihg wax, eleotrioal oemeut, 
etc., when melted by heat, furnish exumples of the first pro- 
cess. Shellao and sealing-wax dissolved in alcohol, and asphalt 
and damar dissolved in turpentine, dry by tlie second process— 
the solvents evaporating and leaving behind the material which 
they had dissolved. Drying oil in all its forms, such as gold 
size, paint, etc., becomes hard by oxidation — not, iis is gener- 
ally supposed, by evaporation. 

In the case of varnishes which dry by the evaporation of 
■ome of their oonstituents, it ia obviotu t' 
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te hid oRK u oU CMB. Uw eU b9«c «a bo BoAcned. ■« 
if Ihem A<mU be m; f flwiny to > vmbiub in ttu «d 
Uie woOeata ceneal «a be —bMb to nut ttue onlvj 
I creep in aal ^oil t^ object. So, 

■ luiliJ cUelj of drTiog oil or goS 
■xe. U the diSeiRBt eoata be ieid oa too UiicUj or ioi 
t^sdlf, the put that ie beacaa eaamot mmlj fauden. bnl w3I 
MMJii tor * «^7 loBS tiiae ia ■ aemi-liqiiid condition. 
here JBitrtmwad we bill wiiag»tra»» atideB to wbich thflf 
«m ■<fch«d iDnr monthe ago b7 Beam of gold mae, 
■Ithoa^ the ootsr serbee ot the «**"«*■* ves bard uid diy, 
ioterior wae quite Uijuid, treelj BoillBg the flttgen. 

Goui Size. — Tbe Bioet extrMnrdiiurj leeipee have beengimft 
lor tfae prepormtioii of thi« cement, which is in reality nothing' 
bat good iineeed oil randered teij diTing bj the 
metboda. Qtldeis freqoentlj make it into a aemi-paint by 
adding coloring nutter, thus fonaing a gioaad of ft ibtdfl 
tiiniUr to the gold thej use, and this seems to hare misledaomB 
of oar best writenL There is no ochre, litharge, or anyUiiiig' 
of the kind present in good gold size. It doea not pay to pi» 
pare gold size id Bmall quantities, and it maj be obtained froo 
any color dealer. The older it is the better, and it is well, 
therefore, to Uj in a good stock, vhicli must be kept csrefallf 
corked. The working snpplj sboald be kept iu a small bottis. 
Th)« is the favorite cell making material employed by Dr. Car- 
penter, and it is certainly tbe moat riiUable cement we havs. 
It adheres firmly to glass, aud if laid on In very thin snoe^mTS 
layers, tolerably deep and very durable cells may be bai 
up, bat the process reqirireB considerable time, otherwise 
under layers will remuiu soft It has this great adviintage oi 
asphalt, damar, and other cements composed of solid materii 
diseoWed in some menstrnum, that fresh coats hare bnt 
alight action oii the old layers on which they may be Isdd. 

I with tnrpeutine, and consequently with moat moteriali 
■dable in turiientiue, bot when once dry and hard, tarpeni 

i, ether, etc., luve litUo or uo action on it. It dow n( 

^th itloohol, and therefore cannot be mixed triUi 
AmalcolioliaaDj of its forms. 
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BiiAOK Japan. — -When this can be procured of good quality, 
it mJtea a very cscellent ci'lL It adheres very firmly to the 
glttBa provided the latter be eipoeed to a moderate heat after 
the cemeut has become dry. Black Japan dries up and thick- 
ens when kept, but may be thinned with turpentine. 

BiTONSwioK Black. — This is airaply a solution of aaphaltum 
in tnrpentine. Occasionally it ia rendered very black by the 
addition of a little lampblack. When good, it makes a very 
excellent cement. Its quality depends chiefly npon the char- 
acter of the Bsphaltum tbat is used in its preparation. Now 
there are several yarieties of asphaltum in market, the most 
kind at the present day being that obtained from coal 
This seems to be entirely unfit for the purpose. The 
proper kind is thitt which ia found native in several party of the 
world. The two kinds are easily distinguished by their odors. 

well known substance, when dissolved in 
alcohol, forms a varniHli or cement of great value to the micro- 
aoopist, and is the proper one to be used when glycerine is em- 
ployed. Much of the shellao in market is artiflcially made 
from resin and wax, and mnkes a poor varnish. lU^al shellac 
taust be employed if failure would be avoided. 

Bbu.'s Cement. — Ourpenter states that this cemeut is merely 
shellac dissolved in alcohol. With as it has pri'sentcd no ad- 
vantage over other cements. 

Skauno Was VAKUiaH, — This is prepared by diasolving the 
lieBt sealing wax in alcohol. It unfortunately happens that all 
the fancy colored sealing was in market ia of inferior quality. 
Tery excellent red was may be obtained, but we Iiave never 
been able to obtain good blue, blaok, green or other colored 
wax. We therefore make varnish of these colors by dissolv- 
ing in alcohol tlie materials used fur making tlie best red wox^ 
sabstituting some other color, however, for the vermillion. 

CoijOEEd Sheujo. — Bleached shellac, dissolved in alcnb"^ 
Uld colored witkaniliue bliiOj red, etc., makes a very tiv 
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^V DjUiAii Cement.— This is i> mixture of equal ports of dajnar 

^B varnish and gold size, mixed togetlicr. It shoidd etand for 

H soiue time before being used. It is said to be very eicelleut. 

H It is very tough, and serves welt as an oater coating oyer snob 

H brittle cements as eliellao and sealing wax varnish. 

■ MjUiinb Glu£. — This is uiidoubt«dly the stJ/ongest cement 

in use [or joining pieces of glasa or glass and metal together. 
Skilful miorosoopists moke great use of jt; beginners do not 
find it HO easy to manage as some others. In using it, the 
simplest method is to cut it in small pieces, lay it on one of the 
surfaces that are to be joined, melt it by heat, and apply the 
other siurfa^e, making sure of perfect contact by rubbing the 
two pieces upon each other, if they will allow of it. Marine 
glue may be obtained from most dealers in microscopes. 

Tiie cement known as liquid glue, is simply a solution of 
ahellao in alcohol 

For attaching labels, paper covers, etc., to the shdes, nothing 
is better thau good dextiiue. Aftei kivviug mised the dextrine 
with water to the proper consistence, add six drops of glycer- 
ine to the fluid ounce of dextrine. This will prevent the labels 
or covers from cracking olf. 

Having provided himself with the necessary tools and mater- 
ials, the next step is to learn how to use and apply them, and this 
will probably be most easily taught by describing a few ohar- 
acteristic examples. And &rst of all, selecting the most easily 
mounted of all objects, we commence with the scales on the 
butterfly's wings. Having prepared a cell of proper size, and 
allowed it to dry, the Urst step is to select a cover to suit it, 
nod give a daal cleaning to both slide and cover, Wheo ever; 
particle of dust has been removed, breathe gently on the slide, 
and press the wing lightly against it, and within the celL A 

;ge number of scales will at once adhere to the slide, and 

;l4.B next step is to attaah the cover. Place the slide on the hol- 

[vhicb must not be too hot, however,) and when it la 

"Jllghly dry, and the cement somewhat soft, lay the cover 

) of the cover forceps. Press it into contact with 

and the operation is completed. It is not difficult 

the caver and the cement are in perfect oontoot. 
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aa J great cai'e must be token to close the cell all round in tliis 
way. It ia tnie, tliia point ia not of ao much, consequence with 
the particular oliject luitler conmderatiau, but with aome ob- 
jects it would be quite importajit. The scales are now mounted 
drj, and may be kept for any lengthof time; no dust oan soil 
them, and they are not liable to be injured by contact with 

'lei bodies. It only remains to label and " finish " the slide 

hereafter directed. 

Nest to the above in aimplicityia the mounting of such ob- 
jecta aa the wings of insecta in balsam. Buppoaa we wish to 
moimt one of the smaller wings of abeo or wasp, bo as to show 
hookawith which it is armed: Place the warm slide 
iiteringcard, drop alitUe balBam on the centre, and 
again wann the alide, so that any air that may be present may 
flue bubbles which can be removed by means of a 

lid mounting needle. When the air-bubblea liava been re- 
moved, seize the wing (previously well cleaned with a camel 
hair brush) with n pair of fine forceps, and lower the tip of it 
intotbe warm balsam. Then slowly lower the wing until it is en- 
tirely immersed. Drop, very little more balaiun on it, warm 
the slide again (ahghtly this time), and remove air babbles if 
there should be any. Then take a clean cover in the cover for- 
ceps, make it quite worm, and place it over the object by allow- 
ing it to first touch one edge of the balsam, and then to grad- 
ually fall down so as to exclude all air bubbles. In the case 
of the bee's wing it does not answer to apply much pressure aa 
this would tend to distort the hooka. Press the cover into 
place aa much as it will bear and no more, lay the slide in a 
warm place for some time until the balsam hardens, and then 
oleAn and finish the slide. 

In mounting objects in balsam and fluids, the great difficulty 
to be encountered ia the presence of air bubbles. Careful and 
judicious management, however, readily enables us to avoid 
them. In the first place see that they are entirely removed 
from the balsam on the slide. This is much more easily d 
before immersing the object in the balsam then afterwards. 
Next Bee that the air is espclled from the object. In tha c 
of the wing, this is effected by slowly immersing the obi 
_tli(! balsam. Laslly see that Do air enters with the cove. 



do tbiB see that the cover is lint, aiid that it is lowered on the 
balstun alnwij, and from one side. If in any case there ahoiild 
be a viumtit space ouder the cover as at n Fig. 47, and it ahonld 
bo deaired to fill it, do not ajiplj the fresh btilaam directly at a. 
To do so wuiUd certaiulj be to indoae a large air bubble. Dvip 
the UalHom iit h, warm the slide, and the balsam will creep in bj 
capilltu^ attmction, and expel the air. 
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Let 11B now suppose thitt we have some small insect whioh 
we have prepared by soaking in potash, and which we desire 
to mount in balsam. Such a preparation it immersed directly 
in baisam, would be spoilt, eioce the balsam and watery soln- 
tioa would not mix. Therefore, proceed as follows: Waah tha 
inseat in pure water, and drain off the water; wash with «t 
aleohol, drain off the alcohol, and soak for twenty-fonr boon 
in the strongest alcohol you can get. Ponr off the alcohol and 
Boak tor twenty-four hours in turpentine. The object may 
now be immersed in balsam without difficulty. 

Air pumps and similar contrivances are generally reooin- 

mended as the best means for removing air bubbles, but wfi 

I never use them. If the object be dry, we soak it in aJooboI 

I tuitil all the ail has been expelled, then transfer to turpentiiiei 

^■atdflnally to balsam. This requires time, it is true but it doeanob 

ifftapy the time of the mioroscapiKt^ The soaking pre 

■■ on without any attention from him, and while it involves 

M8 labor, with us it has always given far better results, 

I we lift V6 nsed vety6ne mt ■pam'ps, and followed the 

Itlislied direotionH. loiettve c»»fe oV ais^Aja^ 

oany of which we well wotfti mown^TOO,. \t-»iwii.> 
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very laborious to get the air out of this by means of the air 
pump, while by soaking successiTely in alcohol and turpentine, 
it can be mounted with great ease. 

Let OS now take the case of an object mounted in flaid in a 
cell. Suppose it ia the so-called tongue of n fly, whieb o£ course 
has been soaked for aojne time iu the liquid ia whioh it ia to be 
finally mounted, yiz., dilute glycerine. We make a cell of suita- 
ble thickness, which in this case may be made with xhellac 
disBohed in alcohol. Several coats will be required, and as 
shellac alone does not adhere well to glass, we prefer to lay on 
first a coat of gold size or Japan, and when Ibis ia thoroughly 
dry, to lay the shellac on it. No difficulty will be found iu 
making a cell of suflicient depth. The cell is now to be filled 
with the liquid, the object placed in it, and the whole carefully 
examined for air bubbles, which must be removed if they exist. 
The cover ia now applied, all superfluous fluid removed by 
means of a camel Lair pencil, which has been moistened and 
then squeezed dry, and finally the edge of the cover is to be 
ooated with a thin layer of cement. After a day or so another 
layer of cement should be laid on, and thia process repeated 
nnlil at least three layers have been applied. 

We give no directions tor the construction and nae of very 
deep cells as this is work that will hardly be attempted by be- 
ginuers. 

When opaque objects are to be mounted either in balsam, or 
in fluid, the procei^s required is the same as that employed for 
transpareut objects. Very many opaque objects are, however, 
mounted dry. and in this case all that ia needed ia to attach 
tbem to a slide, and see that they are properly protected. 
When thin they may be readily mounted in cement celia, and 
this is altogether the neatest and most secure plan where it can 
Tjs used. Thicker objects require deeper cells, which may be 
made o( card, ebonite or electrical cement. (3 parts resin, and 
1 of wax, colored with ochre or any sirailar matter). Cells ot 
card are made by first punching out a disc like n gun wad| | 
and then punching a hole in tliis so as to leave a ring. TIm 
ring is to be cemented to the gls,^ %li^ '^u.'Tl cas.'fe^i^^ ^«i 
ttielied, 
• Wooded slides witt aceUVoxei m *SBfe <£eQVt5s,i 
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mended verj higbl;, aud seem to answer o. verj good pnipose. 
The oella are not bored quite tUrongii tbe wocxlen slip, and u 
they are lilackened on the insidp, any aniall object that may be 
cemented to the bottom of them shows very well. For teeds, 
email Hhells, and similar objects, they answer admirably. Id 
moat caaes it will be found anneoeasnrf to ooTer the cella with 
tbiu glEiss. Several elides may be packed together faoe to face, 
Bud it held iu firm contact by means of a rubber ring, dust wiH 
be entirely escluded. Or they may be arranged in the drawen 
of ftn ordinary cabinet, face down, the labels being plao«d on 
the backs. This will efiectoolly exclude tbe dust. 

Some years ogo ive mounted a large number of speoimanB of 
miueruls on leather discs, which were cemented to glass elides. 
These leather iliHos were three-quarters of an inch in di&meter, 
and we had n lut of pill-box uovers which exactly fitted them. 
Tliese covers, when slipped on to the discs, protected the ob- 
jects perfectly, and the whole formed a very cheap, oouvenient 
and excellent mode of mounting. 

A very ingenious uell for opaque objects, the invention of 
Prof Pierce, of Provi- 
deuce, li. I., ia shown in 
Fig. 48. It consistsof a 
metallic cell, having a 
broad flange like the 

I cemented to an ordiunry Fig. 18. 

I glass slide, as shown in 

I Beotion in the lon-er figure, To this cell is fitted a metal cap, 
\ wliioh covers and protects the object. The object may be placed 
n the glass, or raised by means of a disc of any re- 
i thickness, so as to be more ensily illuminated. The 
Hide, with fell uncovered and containing an object, is shown 
utile upper figure. Uncovered objecis may in this way be 
'lerfisully protected from dust and mechanical violence. 
it is desirable to cover objucte with thin glass, the 
navd by Prof. H. L. Smith will be found very eioel- 
kea a circuhir diac of thin sheet wax, which ie eaaQy 
£_eheet wax ordinarily used for 
jH of beat to the 
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glaas elide. A biasa ring, of which the interior is the same size 
as the disc, is then attached to the slide, and the object is fixed 
to the wax by shghtly moistening the aurface of tlie latter b; a 
minute drop of turpentine. WJien dry, a cover, which exaoUy 
fits into the bevel of the ring, is attached with a little cement, 
and the irhole may then be finished off on the turn-table. The 
appearance is very elegant, and the specimens are perfeotlj pre- 
served. 

A cell whioh we have found very durable, easily and quickly 
mode, and very neat, is constructed as follows: Having pro- 
cured some good gold size and pure litharge, grind the latter 
to a very fine powder. Mix the litharge and gold size to the 
thioknesa of cream, and color either blocfe or dark oliva by 
adding lamp-black. With this paint, as it may be called, moke 
as many cells as are wanted, and when mode, dust finely pow- 
dered litharge over them until they are covered a sixteenth of 
no inch deep; allow them to stiind a few minutes, and then 
shake off all the loose litharge by meoiiH of a few Bmart taps. 
The surface of the cell will now be quite rough. Allow it to 
stand a few hours, and then press it aguiust a plate of glass. If 
this be done oarefully, a smooth, solid ring will be left on the 
slide. If the edges should not be as smooth as they ought to 
be, it is easy to trim them off on the turn-table by means o( a 
small chisel. Such cells, after a few weeks, become very hard, 
and may be finished so iia to be very neat. By introducing a 
few obvious and unimportant modifications, we have, in this 
way, made cells of some depth which held liqnids qnite well. 

Finisltiug tlie Slides.— After the objects huve been 
mounted, the ahdea may be finished in one of two ways: they 
may be covered with paper, or they may be left without any 
covering, the labels being attached directly to the slide. In 
the latter ease the edges of the slide must have been previooabt 
ground and polished, and, as a general rule the thin cover P 
oiroular and not square, and ia fiuished with a neat coat of VK 
niflh on the edge. This varuiah serves to do something ir 
than merely ornament tho slide; it secures the ea^ 
)lace, and prevents the drying up of the med 
lantiiig. Even in the oase of Gaii'.v^WkKM&W 
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if gold size be aaed as the varDish, it preTenta the eraporatioD 
of the turpentine, and tbe ultimate drying aud cracking of the 
balsam. Where glycerine jelly, glycerine, or glycerine and 
gum are uaed, it becomes indispensable. 

The procesB employed for flniahing slides in thie way is aa 
followa: The objects having been mounted, the slideH are laid 
away nntil tlie balsojn, cement, etc., have been hardened, when 
all superfluous matters of this kind are easily removed nrith a 
Bmall chisel made out of a brod-awl ground thin and sharp. A 
amsU ohisel- pointed piece of hard wood, and a little water, will 
remove the last traces of balsam or varnish, and if uecessai; ■ 
final cleaning may be given with a rag moistened with alcohol. 
The slide is then placed on the turntable, and a oeat ring of 
Tarnish, either plaip or colored, is run around the edge. • 

The proper labeling of the slides in an important matter. 
Our system is as follows: As soon as the ohject is moanted, the 
slide is labeled on the itmlitr aidi' with a very thin gammed 

label, and it is also numbered on the upper Bide with a writing 
diamond. Of this number a record is kept, so that even if the 
label should fall off or get soaked off, a new label may be pro- 
vided. As Boon as the slide is finished, the regular lab^ is 
attached, and the Hmall label removed. As regards dcBigne, 
etc., for labeJs, the variety is endless. Each microecopist will 
probably select the one that accords most nearly with hie own 



The JHaltn'ood Finder.— This is a most important ac- 
cessory to every microscope, as it not only faciUtatoB iat^ir- 
chauge of notes between 
mioTDSoopists living at a dis- 
^ tence from each other, but 
|ll enables observers to muke 
' T0 of the identity of the 
•hi under exiuniuatiou 
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K side) and each of these small squares ia desiguaied b; two 
K BomberB, one of which indicates ita position from bottom to 
; top, while the other marka its position from right to left. Thus 
the square which lie« on the tenth line from the bottom, and 
the fifteenth from the right baud side, wotdd be ] 'I. Placing 
oa the etage au object mounted on an ordinary slide, with its 
lower edge against a ledge of some kind, and ita left hand edge 
ftgainst a stop (the stop and ledge being movable as regards the 
Btage), we bring some pai'ticular spot into view. Bemoviug the 
slide, we now place the finder in its place, and read off the 
double namber. It is now evident tiiat if at any future time 
vie should pia«e the finder against the ledge and stop, and bring 
the same number into view, then ou retni>Ting the finder and 
placing the slide on the stage, the precise spot originally under 
esamination will be in view. We can therefore easily register 
anything of interest, and so be certain of finding it at any 
future time. 

The finder cannot be used with microscopes fitted with nlipe 
only. An object-carrier, provided with a ledgu and stop, muat 
be used. Snch object-carrier may either be the usual form of 
the gliLBs stage, or, with the plain stage, a thin plate of brass 
with a hole in the centre, a atop at one end, and a ledge at one 
edge, may be made to answer. 

Hitherto the Maltwood Anders have been made only by one 
firm in London. They are now made in thiacouutry, however, 
very successfully. A duzen which we recently examined did 
not vary aa much amongst themselves as those obtained from 
liondon. 
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A ^eir and Line Sook on the Guiu 

Just Published. Price 75 cents, in clotli, 

PLAIN DIRECTIONS 

SHOOTING ON THE WING. 



With Useful Hints concerning all that rtlates to Guns and Shoot- 
ing, and particularly in regard to the art Ol Loading so as 
to Kill. To which has been added several Valuable 
and hitherto Secret Recipes, of Great Practical 
Importance to the Sportsman. 
Bt an old gamekeeper. 

PSent free b; nuil on receipt of price. Address 

THE INDU8THIAL PUBLICATION COMPANY, 
I.P. O. Box i,87B. 176 Broadway, New York. 

Opiniont nf thB Trtti. 

j^.Tlie direotioDB are bo plaJn that they cannct netl be mistsksn, 
id they are eipresBed [□ the fewcet poselble words l^yf, -FVebJ 

S-Paoiogthe title-page iB one of tlie handaoniOBt, beBt-eioculod 
.jModcnta, we have ever Been. It ia entitled "The Woondod 
.Snipe," and almost equals a steel engraving.— .Qoplisl Union. 

from ita paces wo should think even the most experienced 
■portaman mlehtdmTe BomeDow ideas, while the beginner will 
todit fta tnvaliittble aeBiBtant. — Coun(ry Gendtmon. 

Eol concise InatmeUona as to how to shoot, to select, load, 
eany, and keep a gun tn order, etc., it cannot be inrpassed. — 
Wiaterti Rhj-oI. 

ApleaBsntly wiitCen, and, it seems, to ng, coneot and praotioal 
tieatiae on tlie aportBman'a art; a modest little book, but one troVi 
the reading of wtaluh a good deal of the right kiud ot knowledge 
ia to be gained i.pjAeti>»'s Jimjind. 

Apractical and well-nritten handbook, espodally ailapttdfor 
thensa of jonng Bportsmen, as it gives sensiblu aiivice on tlio ' 
_ — .- — 1.4; — of flrearms, and the ruloB and etiqaetla of Uie I 



THE PISTOL 



WEAPON OF DEFENCE, 



12mo- Cloth. 50 cents. 

Tbia vork simi to ioBtruct the poioeitblo uid law-ibiding oilJReiu in ths 
best nioana of prolvcting UieiuBelveB from tliG att&oka of the timttl %Di 
the IswIoflB. ItB oootenla are sB follows: Tlio Pistol b,s & WB«pon of De- 
rence— The G&rryiog of I^-Armg— Different kiudi of PistolB in Hvket; 
how to Ohooao ■ PUtol— Ammnnitlon, diffOrpnt kinde; Powder, C»pa, 
BoUetB, Copper Cartridge!, etc.— Beit fonn of Bullet— Bow to Lokd— 
Beit oliarge for Pistole— How to regnl&te tbo Ghargc—Care of the Pittol; 
how to clean it — How to handle and oarr? the Piitol— How to Leun to 
Bboot— Pnctlcal ate ol tbe FiaCol; how to Protect yooTBelf and bow to 
Dtaable jonr KntagouUt. 

" No man ia Bt to keep bonne who in doC fit to defbad it." — fimry Wari 

" So long as rogues o«niiot be prevented tnm oarcjing weapons, b 
len do not oonault their owo safety ajid the pnbllc good b;^ totally dil- 
. *rding iheni,"— Recorder Hadkett. 

f'Snch I hold to bo the gennine dbs of gunpowder; that It malieB al 
\p UU (or strong.)"— Cartj/?e. 

Ue by all Newtdealeri, or Sent postpaid b; ■ail on receipt of prica. 
E INDUSTRIAL PUBLICATION COMPANY, 

17G Broadway, New York. 



JUSTPUBlISHEh, in-[ vol., l2mo., Hmdsmnely Bt 
i> Clol/i, (Jilt Tide. Frice SO cents. 

PLAIN DIRECTIONS 
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LIG}ITNING RODS. 

By JOHN PHIN, C. E., 

Editor of The TErHNni.OGiST. Author of The CHEsnciii 

History of the Six Davh op the Ckeatiok, etc. 
gECOND EDITION. ENLIRCED UD FLLLV ILLl'STUiTED. 

TMh is n. aimple and practical little work, intended to 
convey just such information aa will enable every prop- 
erty owner to decide whether or not his buildings are 
thoroughly protected. It is not written in the interest 
of any patent or particular article of manufacture, and 
by following its directions, any ordinarily skilful me- 
chanic can put up a rod that will afford perfect protec- 
tion, and thiit will not infringe any patent. Every 
owner of a bouse or barn ought to procure a copy. 

May lie Ordereil tlirouglt auy Booksellery] 

or will be sent free by mail on receipt of price, bv 
The Industrial Publication Co., 

Post-Offlce Bos 4,875. 176 Broadway, New Tor 

ft3-AMY NEWS COMF-AKY WILL SUPPLY IT.-i 
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JUST PUBLISHED, in I vol., l2mo.. Handsomely Bound in Cloth. 
Gilt Title. Price 75 cents. 



A BOOK FOB EVEKYnODt 



'What to Do 

Ho-w to Do 

ACCIDENTi 



TbiB is one of the mogt useful liociLti ctcc pnbliahed. It 1l 
eiactlj What to Do in oiSK or Accmraia, Buch aa Severe Cotfl, 
SpraJnH, Dialootttions, Eroien Bonea, Burns with Fire, Scklda, 
Buroa wilhCarrosivB CbemicalB, Sunabolie, SnfFocatlon b; Fool 
Air, Hinging, Dronuing, Frost-Bite, Fainting, Stings, Bitei, 
Stsrration, Liglitnirig, Pninnna, Acddents from Macliineiy, knd 
from tha Falling of Scaffolding, Qunahot WDncdB, etc., etc. 

It aught tu bo in over; bouao, fur young acd old arc liable Xo 
accident, and tlio directioua giren in thin little book night be Uie 
nipaua of aaTing many a valuable life, 

IHaj' be Ordered througli any Bookseller, 

or will be pent frtci by mail tin receipt of price, by 

THE INDUSTRIAL PUBLICATION C0MPA2fT, 
r. O. Box 4,875. 110 Broadway, !ft>ir York. 

43- ANY NEWS COMPANY WILL SUPPLY IT.tA 
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IlSr FEESS. 

The following Books are in active J? reparation, and 

a soon as ready will be sent by mail to any 

ndrlreHS on receipt of price. 

THE MIGROSGOPIST'S ANNUAL 

for 1878. 

Containing Uaefnl Tablee, Itulea, Formulie and Momnranda. LEat at 
MiOcoBoapioal Sociatieg, witu Oflii^erfl, eta. Directory of tbe Praminent 
XCoroBiope Slakem, Daalera and Importsra in imerlua and Enrope. List 
«f New Booka and Current pBriodicaia ileTotad to MioroBEOpy. The whole 
.(onning an indiepenBable handbook for all who bate occaaiou to oae llie 
Vinroaoope. 
Price— /n Uiai^ Stales, 95 ranfs. /ii Eiaope, 14 pence slerUwj. V. S. 
• British Postage Slxrnps taken at full i.-a!ite. 

THE MICROSCOPE. 

SyANDBEW BOSS. Pallj Llaatrsted. With notea-chioflj Bibliographic, 

Panny Ojclopcedia," and qnoleii bo freiineiitly "by writera on the Micro- 
scope. Carpenter, in the laat cditioD, of liia work on the MioroBcope, and 
Brooke in hia treatise □□ Katnral Philogophy, both refer to tliia artiole as 
the beet aonrca far fnll and dear inlonnation in regard to ihe prinoiplea 
Tipon irbich the niodern actaromatio Microscope ia couatracted. It should 
<be la the library o( every peraou to vboiu tbe Microscope ia more than a 
toy. It ia written in simple langnage, free from abstrnae tcchnicuJilies. 
1 Vol., lamo, Ciolh. Price 75 cents. 



DIATOmS. 

Directions for Colleoting, PrtatrvioB, Trai 



IiL. D.; and F. ErrroN, Eeq. 

1 Vol. 12mo, Cloth. Pike 75 cen(». 

THE INDUSTRIAL PUBLICATION COMPAN' 

1,1877. WG Biottft-". 




BOOKS ON THE MICKOSCOPB, 

Tlie following booka vrill be sent, post paid, to Auy addiera on > 
oelpt of prios. 

INDDSTltliL PCBLICATION COMPANY, 

176 Bcoftdway. New Toik. 



Airy, A. Oeometrical Option. IGmo. (LSE. 

Beal, l^ionel. M. D., F. It. S. Eov to Work with the Mlan- 
Bcope, Eighth lliouHBud. With TO plateB, 4 colored. (Out of 
print. Seuund-hand copies bring from ST.GO to $10). 

The Dbb of the MicroBOOpe in Practical Medidoe. _ 

BtadeulB snd PractitiooerB, with foU directions for esunimng 
the TBTiona BearetJonB, etc., in the MioroBcope. j:th 
500 illuBtrutJoiia. 8vo. 

Kidney Diseasea and UrinnT; DepoBits. 

Beck, Richard. A TreutiRe on the Construction, Proper TTk, 
lad OapabilitieB of Smith, Beck & Beck's Aobromatio ICeia- 
toopea. London, 1B65. 1 vol. , royiil Svo. t8.7& 

liiaa prvtlicBil and really TsJasble verb, and not a mere kdrertlM- 
of Beak's BiiorosuapeB. ItaoatBine a Urge number of original tai 
very floa plateo. 

BreVPSter, Sir David. A Treatiae on Optics. Now e^titm. 

LonJun, 1863, 520 jtegeH, fully illustrated. IS. 

Carpenter, W. B. Tbe Microscope and ita Reielations. FIAh 

edition. 25 plataa and 449 wood engravings. 616 oloi^ 

printed pagea. ffi.Gti, 

Cobbold, T. Spencer. Eotoxon; An Introdnation to Ibi 

Blndy of Eelmintbology, with reference more pnrticalsrly totli* 

Parasites of Man. With Snpplement. 1 vol., royal 8io. 

Plates. r" 

Cooke, M. C. One ThonsoDd Ohjeota for the Microacopa. 

plates and over 500 figniea. 1 vol., 12ino. 60 oea 

Tells where they ma; be fonnd, and in many caaes how they mq hi 

prepared. 

A Manual o( Stmotiiral Botany. 200 woodcuts, 

baardx. Si 

MannnI of Botauin Temifl. With oTerSOOillnatrationB. A1.9I 

Dawlea, Tlionias. The Preparntiim and Konntiug of Hta 

aoopio Ol'jpcla. Contents; AppuratiiB to Prepare aad Mmi_^ 
ObjecCuDiyi Monnlingin OaniidaBiUsam; PreBervatiTe UqdSl 
etc., particularly where Oella are need; Sections and how K^^^ 
""-im, with some remarks on Diaaection; Injeelion; 1" 
New edition. 1vol., 12mo, 
1 et Ler ebon Met. Manuel da Micmaaope dans «. 
eations uu Dta»;ooBtio et h. la Ciinique. Second edltiei 

Orations. Paria. 1877. 1 vol., lanio. 

la Tety beithand-ljooki on tliii departmant of tt 



I Heather. J. F. Optical luatramente, including uoreeBpecially 
TelesoopeH, Microscopes snd AppnrfttUB for Produciug Copies of 
Mupa and Pinna by PhotogittpUy. 1 toI., lamo. London, 1871, 
TS oents. 
Hoiv to Choose a Microscope. By a Bemonstratur. 
London. 8to,, paper. SOcents. 

Kiagt John. Ttie Microaoopist's Oompauion: A Popnlur MaqdaI 
' at Practical Microscopy. Designed for those engngad in mioro- 

Bcopic investigation, sohoola, seuinarieB. onlleges, eta., and com- 
prising selections from the beat writers on the microscope rela- 
tive to ita nae, mode of manHgement, preservation of objects, 
etc. To which ia added a Glossary of the principal terms need 
in microscopic acience. With 114 illnstrBtionfl. 1 vol., 8vo. $2. 
MartiDf John H. Manaal of Mioroscopic Mounting, with 
Notes on the Collection and Examination of Objeota. 1 vol., 
Bto, London, 1872. $3, 

McDonald, J. D. A Guide to the Microscopical Examination 
of Drinking Water. With 21 plates. 1 vol.. 8vo. S3. 

Micrographic Dictionary. Third edition. Greatly en- 
larged. 1 thick vol. Oloth. $31, 
Nageli and Sch^vendener. Das Uikroskop. Tbeorie 
uud Anwendung Deaselhen. Leipzig, 1877. $5.50. 
Nave, Johann. Handy Bonk to the Collection and Prepar- 
ation of Fresh-Water and Marine Algic, Diatoma, Desmida. 
Fangi, Lichens, Masses, and other of liie Lower CryjitogAinia. 
Translated by Bev, W. W. Spicor, A. M. London, 18fi9. 1 vol.. 
16mo. $1.3S. 
ParkinBOn, S. A Treatise on Optica. 1 vol., ISmo. t3.50. 

This IB the standard English text-book on Optics. 
Pelletan, Dr. J. Le Microscope. Son Eroploi et ses Applica- 
tions. Tour plates and 378 wood engravings. Paris, 1876. 1 



Sachs, Julius. Text-Book of Botany. Morphological ftud 
Physiological. Translated br Bennet &. Dyer. On« large vol- 
nme. royal 8vo. Loudon, 1ST5. tIS.CO, 

Schafer, Ed^rard Albert. A Oonrae of Practical Histolooy. 
Being an Intioductian to the Use of the Mioroacope. PUila- 
delphia, 1877. Sfl. 

SpOtlUwoode, William. The Polarization of Lieht. Lon- 
don, 1871. 1 vol., ISmo. 

Wf the. J. H. The Miorosoopiet: A Manual of Mi 
Corapendinm of the Microscopic Roiences, Mior 
Micio-Cbemiatiy, Biology, Histology and Pathologi 
Third edition. Rewritten ^nd Greatly Enlarged. 
«""■■ Philadalpbia. 1877. 
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Kioloiijr. Etnlwuifilied with Dpvu'd of 4S0 illoBtnitiaiia (dibdj 
eolored. ) 8ro. J3. 

GoMe^ Pbilip Henrr. EreniDga >t tbe Ifieroscope; or Be- 
Heuvliiw HiuoD); iLf Slimiier OrgB&B ftud Forma of Atrini*! 
Lifo. TLick 12ino. ninBlraUd. «L5a 

UOSK, Jaltez. Tbe Hicrmcr>pp: lU HlBloiy, Coimtmntioti, uid 
ApplmtioD. Bdngk rmauliarliitTodai^tioii In rbe D^ of tbs 
Iiutnimentand tbeStadyol MiCTWieo(nca( Scieuvt-. wjthDrrefr- 
tioDH for CoIlectiDfi. Fttmerviag, mai UonbtiUK Uhjecta. Ulna- 
Inted vith upwirdu of 500 eugraTingH and colored illaHtmtioni. 
T50 pages. H- Tenth edition. Londou, 1869. (3. 

An PiceileuC work tiir [uii>-pruf«H«ionala. Tlia b«t En nuu-kot fbr llie 

Lankester, Edn'in, M. D. Hulf-Hoars with tbe MiaroMope; 
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Perelra, Jonathan, M. D. LecturcH on PolnrizHl liglit; 
lose I tier wi lb a Itciiire on ihe SDcioHcuije. SeM>nd edition, 
enlarged. Edited by lier. Baden PowdS. M. A. 12)ua. Lon- 
don, lasi. tl.3S. 
Richardson, J. V., M. D. Hnud-Book oF Medical Mioro- 
•copy, i'\ lilTiKtnili.iuB. . $2.25. 
L Suffolk, W- T., F-It.JlS. On Mioiosoopicul UanipnUiion. 
BBing the sQlijeol tnatttr of a. ConrKe of Lecttiren deliTeitd 
' ' ■' p Quookelt Jlicroscopioul Clnb. With 40 EngravlDgs 
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I Wood, ,). ti., M A-. F.I..8. ComniriQ ObjectB of the Mittro- 
Mujii.*. »iib upward of 41iU lUaiitriLiiouB by the celebrated en- 
T[iiivi-r, Tiiffeii Wei-t, SO cents. 

^ bunt Imi'il-book for boglnnera. Describes a large nomber of ob- 
^Bpultti' LiitiTeel lliit arc easily procured. 
■ley, Theodore G., M.D. Micro-Chemislr? of Foi- 
w i- -I'liiju^ iiii,it Physiol ogioftl. Puthologicnl, and Logat 
iiiluptfed lo the luio of the Medical Jurist, Fhyaidan. 
J«U"r1 Cbemint. With seventy-eight illuatrationa 
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